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© An electrically rewritable flash memory device has a memory cell array including a plurality of memory cells 
(MC) arranged in rows and columns and is divided into a plurality of memory blocks (MB) having different 
memory capacities. Each memory block includes one or more rows of memory cells having their control gates 
connected to their associated word line conductors (WL) extending in a row direction. Sources of all of the 
memory cells in each memory are connected to one single common conductor (SL) associated therewith and 
extending in the row direction. Drains of memory cells are connected to respective data line conductors (OL) 
extending in a column direction. A common voltage control circuit (ERS) is provided for each of the memory 
blocks for applying a first potential (OV) to a common conductor for a memory block containing a memory cell 
selected with a selection voltage applied to its associated data line conductor for a writing operation and a 
second potential (Vddi-3.5V) higher than the first potential to a common conductor for a memory block 
containing a memory cell unselected with the selection voltage applied to its associated data line conductor and 
containing no selected memory cell for a writing operation. A microcomputer having a central processing unit 
(CPU) and the above-mentioned electrically rewritable flash memory (FMRY) formed in a single semiconductor 
chip (CHP) includes an input terminal (Pmode) for receiving an operation mode signal for switching the 
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microcomputer between a first operation mode in which the flash memory is rewritten 
central processing unit and a second operation mode in which the flesh memory is 
separate writing circuit (PRW) externally conneetabte to the microcomputer. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to a nonvolatile flash memory in which information is rewritable by 
electrical erasing/writing and a microcomputer incorporating the same. 

5 JP-A-1-181469 (Laid-open on June 26, 1980) describee a microcomputer having, as a programmable 
nonvolatile memory, an EPROM (erasable and programmable read only memory) or an EEPROM 
(electrically erasable and programmable read only memory) carried on a single semiconductor chip. Data 
and programs are held in such an on-chip nonvolatile memory of the microcomputer. Since information 
stored in the EPROM is erased by means of ultraviolet rays, the EPROM must be removed from a system 

to on which it is mounted in order for the EPROM to be rewritten. The EEPROM can be erased and written 
electrically and therefore information stored therein can be rewritten with the EEPROM mounted on a 
system. However, memory cells constituting the EEPROM must be comprised of. in addition to memory 
devices such as NMOS's (metal nitride oxide semiconductors), selecting transistors and hence the 
EEPROM requires a relatively large chip occupation area being, for example, about 2.5 to 5 times as large 

is as that of the EPROM. 

JP-A-2-289997 (Laid-open on November 29, 1990) describes a simultaneous erasing type EEPROM. 
This simultaneous erasing type EEPROM can be grasped as having the meaning of a flash memory 
described in the present specification, in the flash memory, information can be rewritten by electrical erase 
and write, its memory cell can be constructed of a single transistor as in the EPROM and functionally, all 

20 memory cells or a block of memory cells can be erased simultaneously by electrical erasing. Accordingly, 
in the flash memory, information stored therein can be rewritten with the flesh memory mounted on a 
system, the time for rewrite can be shortened by virtue of its simultaneous erasing function and contribution 
to reduction of the area occupied by a chip can be accomplished. 

U.S. Patent 5,065.364 (issued on November 12. 1991) shows a flash memory of the type in which an 

25 array of electrically erasable and rewritable memory cells having control gates, drains and sources is 
divided into a plurality of memory blocks in a unit of data line, source lines In common to each block are 
ied out and a voltage complying with an operation Is applied separately to a source line by means of a 
source switch provided in each source line. At that time, ground potential is applied to the source line of a 
block selected for writing. A voltage VOI of, for example, 3.5V is applied to the source line of a block not 

oo selected for writing. The voltage VDI guards against word line disturbance. The word line disturbance 
referred to herein is a phenomenon that for example, in a memory cell having a word line conditioned for 
selection and a data line conditioned for unselection, the potential difference between the control gate and 
floating gate is increased and as a result, electric charge is discharged from floating gate to control gate to 
decrease the threshold of the memory cell transistor. 

as JP-A-59-29488 (laid-open on February 16, 1991) and JP-A-3-78195 (laid-open on April 3. 1991) 
describe an ultraviolet light-erasable EPROM in which sources or memory cells connected with the same 
word line are connected in common and a source potential control switch is provided for the commonly 
connected sources. JP-A-3-78195 (laid-open on April 3, 199D describes an ultraviolet light-erasable 
EPROM in which sources of memory cells connected with adjacent two word lines are connected in 

40 common and a source potential control switch is provided for each adjacent two word lines. Each of the 
inventions disclosed in these three references is intended to provide a solution to a problem of erroneous 
writing/reading caused by leak current from an unselected memory cell in an EEPROM. 

US. application Serial No. 07/942,028 filed September 8. 1992, which is a continuation application of 
U S- application Serial No. 07/568.071 filed August 16, 1990, discloses a structure of a flash memory In 

4S which sources of memory cells are connected In common for the purpose of preventing a word line disturb 
problem for a writing operation. 

Meanwhile, JP-A-3-14272 (laid-open on January 22. 1991). JP-A-3-250495 (laid-open on November 8, 
1991) and JP-A-2-241060 (laid-open on September 25, 1990) describe division of a memory cell array in a 
unit to data line. 

90 

SUMMARY OF THE INVENTION 

The present inventors have first studied the fact that a flash memory is carried on a microcomputer to 
find out the following points. 
55 (1) Programs and data are stored in a ROM incorporated or built in the microcomputer. Data is classified 
into data of a large capacity and data of a small capacity. When the programs and data are to be 
rewritten, the former data is typically rewritten in a large unit of severals of tens of KB (kilobyte) and the 
latter data is typically rewritten in a small unit of severals of tens of B (byte). At that time, if the flash 
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memory is erased in a unit of chip batch or in a unit of memory block of the same size, inconvenience 
Sr^erJe^ matches with a program area but is excessively large for a data area to Impair ease of 
use thereof may occur or the converse case may occur. 

(2) When part of information held in the Bash memory is desired to be rewritten after the m '™»™ ute ' 
to mounted on a ayetem. it suffices to use part of the mamory block holding the «^c»J^tM 
S. object to be rewritten. But if all simultaneously erasable memory blocks have an equal storage 
capacity, then even when rewrite of only a smaller amount of information than the storage capacity of a 
memory block is desired, the memory block of a relatively large storage capacrty must be erased 
simultaneously and thereafter write is carried out over the whole of the memory block in question, with 
me result that time is consumed wasiefully for rewrite of information not substantially required to be 
rewritten 

(3) information to be written into the flash memory is determined in 

the microcomputer is applied but efficiency may sometimes be degraded when the information is all 
written from the beginning with the microcomputer of interest mounted on the system. 

(4) When the flash memory is rewritten with the microcomputer mounted, it sometimes suffices that only 
part of Information of a memory block, standing for an object to be rewritten, is rewritten. But even in this 
case, if information to be written into the whole of the memory block which has i been erased 
simultaneously is all received sequentially externally of the microcomputer end rewritten, all of ttte 
information to be written into the whole of the memory block of interest will have to be received from the 
outside in spite of the fact that it suffices to rewrite only part of information of the memory block to be 
rewritten, and transfer, from the outside, of information not substantially required to be rewritten, that is. 
information held internally In advance of rewrite must be repeated, resulting in wastefulness of transfer of 
information for partial rewrite of the memory block. 

(5) Because of information storing mechanism, the time for rewriting the flash memory through 
simultaneous erasing is far longer as compared to a memory such as RAM (random access memory 
and so the flash memory cannot be rewritten on real time base in synchronism with machine control 
operation by the microcomputer. 

The present inventors have studied the division of memory blocks in a unit of data line to And that the 
size of the minimum memory block can be decreased more easily by division into rnemory blocks in a unit 
of word line and using sources in common In a block and this Is advantageous »totom1he 
imDrovino ease of use of the flash memory built in the microcomputer as studied firstly. When the division 
into memory blocks In a unrt of data line is employed, all memory cells of a selected bio* for writing 
arranged In line and having drains connected to a data line applied with a write high voltage suffer from date 
line disturbance. The data line disturbance is a phenomenon that for example, in a memory cell associated 
with a word line not rendered to be selected and a data line rendered to be selected for writing, an electric 
field between the source and drain is increased, so that hot holes are injected from drain to floating gate to 
decrease the threshold of the memory cell transistor. 

A major object of the invention is to provide a microcomputer incorporating a flash memory which is 
easy to use. More particularly, a first object of the invention is to provide a microcomputer capable of 
making highly efficient a processing of initial write of information into the built-in flash memory. A second 
object ol the invention is to improve rewrite efficiency of part of information held in some of memory blocks 
of the flash memory by eliminating wastefulness of write operation after simultaneous erasing of the 
memory blocks of interest A third object of the invention is to Improve rewrite efficiency by eliminating 
wasteful transfer operation, from the outside, of write information necessary for partial rewrite of a memory 
block. A fourth object of the invention is to change information held in the flash memory on real time base 
in synchronism with control operation by the microcomputer. 

Further, the invention has for Its object to provide a flash memory in which the minimum size of 
memory block obtained by using sources in common in an electrically rewritable nonvolatile memory device 
can be decreased. Still another object is to prevent an erroneous operation due to data line disturbance In a 
unselected memory block for writing from occurring when formation of memory blocks is effected in a unit 
of word line. 

Major aspects of the present invention will now be described. 

More specifically, a microcomputer comprises, on a single semiconductor chip, a central processing 
unit and a nonvolatile flash memory in which information to be processed by the central processing unit Is 
rewritable by electrical erase and write, and the microcomputer is provided with an input terminal of an 
operation mode signal for designating a first operetion mode in which rewrite ol the Hash memory is 
controlled by a circuit built in the semiconductor chip and a second operation mode in which It is controlled 
by a unit provided externally of the semiconductor chip. 
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RAM and executed. ,_„ rt in (lash memory in accordance with an 

The feet that the amount of information to be stored in the >w* r '•«• -jr data 

appltoSor? diners in accordance with the kind of the «^ fiSTSE! information heid 
table or control data is taken into consideration. Then, m order thd upon rew«eo pjr ^ eliminaBnfl 
Fin. of memory blocka of the flash memory .Mm * '^^Socta oTSS 8 Plurality of 

flash memory. « im ,.iion«ftoa erase unit a plurality of memory blocks having 

When the built-in flash memory has. as 8 ^T?"" ?'^m can be utltaed as a workln 9 area or a 
mutually different storage capacities, in order ^ « can be vm ^ ^ 

data buffer area for rewrite of memory block a ^^f^^^^ of rewrUe 

than that of the built-in RAM may be P rovid *J n f ^^^ for partial 

by eliminate wastefulness of transfer operate. Jom «he outs ^ sn , aller than 

rewrite of the memory Nock. m ^^ n ^Z ^r^ To^^ tr^sfened information may 
that of the built-in RAM may be transferred may prewritten with renewed Information, 

be renewed on the RAM and the memory block of ™* * n ™ £ ^ inlormatio „ held in 

Further, upon tuning of data such «^^l^ n S w£ control operation by the 
me flash memory can be changed on eel tin* ' " Rifled area of the butt-in RAM are 

microcomputer, a preceding may be ***** wherein addresses of Wock ^ ^ emalier 

conuollably changea and arranged so as to overlap a° a ™ s ~ s ™" . * overlapped RAM may be 
Sorage ci .* ft. ^^^^^ ™ 

S^^od^ro^e R^is'rSo^o the origina. state and the content, of the memory block « 

rewritten with the information ^^^^naX'as compared to the case where memory 
In order to decrease the minimum block saa .more easily J° j common source line to 
blocks are formed in a unit of data fine. f ^^J^^X^^t^ * a unit of word line, 
memory cells having their control ^ t ^^ ^^f^ ^eoZi a^ block for writing, voltage 
At that time, to take care of data Hne disturbance * of the source line to first 

output means is adopted which can control, m am* of ma moryW «^^!on write operation, whereby 
potential and to second potential of higher level than that of the fird wn» P 

memory block have data lines in common and arranged separately in line, a «™5D™ * circuit ia 

STS upon write and read ^» 
inserted in data lines which are associated I .n , <»mrnon ^ ^^^Zn^ write of the large 
block, and a control circuit is provided which cuts off the transfer gate circun u M m 



50 

memory block 



55 



,ne above-mentioned aspects of the invention, when information is initially ^written into the 
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a storage capacity of each memory block. 

When the microcomputer is mounted on the system and thereafter the flash memory is rewritten, the 
first operation mode is designated to cause, for example, the central processing unit built in the 
microcomputer to execute control of rewrite. In this case, data of a relatively large information amount can 

G be written in a memory block of a relatively large storage capacity and data of a relatively small information 
amount can be written in a memory block of a relatively small storage capacity. Namely, a memory block 
having a storage capacity meeting the information amount to be stored can be utilized. Accordingly, even 
when a given memory block is erased simultaneously for rewrite of part of information held in the flash 
memory, such wastefulness that an information group substantially not required to be rewritten is erased 

10 concurrently end thereafter written again can be prevented as far as possible. 

Especially, when of the plurality of memory blocks, a memory block having a storage capacity set to be 
smaller than that of the built-in RAM is provided, this memory block may be utilized as a work area or a 
data buffer area for rewrite of memory block. More particularly, when the flash memory is rewritten with the 
microcomputer mounted, information in a memory block to be rewritten is transferred to the built-in RAM, 

rs only partial information to be rewritten is received from the outside and rewritten on the RAM and then the 
flash memory is rewritten, whereby transfer, from the outside, of information held internally In advance of 
rewrite and not required to be rewritten need not be repeated, so that wastefulness of information transfer 
for partial rewrite of the memory block can be eliminated. Further, in the flash memory, the time for 
simultaneously erasing a small memory block is not so short that the flash memory per se can be rewritten 

20 on real time base in synchronism with control operation by the microcomputer. But, by utilizing the built-in 
RAM as a work area or a data buffer area for rewrite of memory block, the same data as that rewritten on 
real time base can eventually be obtained in the memory block. 

When memory blocks are defined each in a unit of word line, the minimum memory block has a storage 
capacity which corresponds to that of one word line, regardless of the number of parallel input/output bits. 

25 Contrary to this, when memory blocks are defined each in a unit of data line, the minimum memory block 
has a storage capacity corresponding to the number of data lines which in turn corresponds to the number 
of parallel input/output bits. This signifies that the storage capacity of the minimum memory block can be 
reduced more easily when memory blocks are defined in a unit of word line and especially in the case of a 
memory incorporated in the microcomputer wherein input/output of data is carried out in a unit of byte or 

do word, the minimum size of memory block can be reduced drastically. This contributes to further improve- 
ment in ease of use of the flash memory built in the microcomputer and consequently improvement in 
efficiency of rewrite of small scale data in a unit of memory block. 

In a region near the source side end of the drain of a nonvolatile memory device, electron and hole 
pairs are generated owing to a tunnel phenomenon between bands. In this case, when a relatively large 

35 electric field is generated between the source and drain, holes of the electron and hole pairs are 
accelerated by the electric field to turn into hot holes. The hot holes are injected to the floating gate through 
a tunnel insulating film. This state is referred to as data line disturbance and when the data line disturbance 
affects the device for a long time, the threshold of the memory device is decreased and there results an 
undesirable change of stored information which leads to an erroneous operation (data line disturbance fault). 

40 In an unselected block for writing, by applying second potential such as data line disturbance prevention 
voltage to a source line of a memory cell to raise source potential, an electric field between the drain and 
source is weakened, thereby ensuring that holes of electron and hole pairs generated near the drain can be 
prevented from turning into hot holes to prevent a decrease in the threshold of memory transistor. 

For prevention of the data line disturbance fault, minimization of the data line disturbance time (the time 

45 for exposure to the data line disturbance state) is effective. In this case, the data line disturbance time 
affecting a small memory block owing to write concomitant with rewrite of a memory block having a large 
storage capacity is relatively increased in comparison with the converse case, in view of this fact, by 
adopting an arrangement in which with respect to an intervening transfer gate circuit memory blocks on the 
side of a Y selection circuit are formed of large memory blocks and memory blocks on the opposite side 

so are formed of small memory blocks, the data line disturbance time affecting memory cells of the memory 
blocks relatively near the Y selection circuit owing to write of the memory block relatively remote from the Y 
selection circuit can be reduced drastically as compared to the case of the converse arrangement of large 
memory blocks and small memory blocks. By virtue of this arrangement relation between the large memory 
blocks and small memory blocks, erroneous operation due to data line disturbance can further be 

65 suppressed. 

According to still another aspect of the present invention, there is provided a microcomputer comprising 
a central processing unit, an electrically rewritable flash memory, flash memory rewriting I/O port means 
capable of being coupled to a ROM writer for rewriting the flash memory, switch means located between 
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the central processing unit end the flash memory, and a rewriting mode decision means responsive to en 
externally supplied operation mode signal for controlling the switch means and the flash memory rewriting 
I/O port means, the central processing unit, the flash memory, the flash memory I/O port means, the 
switching means and the rewriting mode decision means being formed in a 9.ngle semiconductor chip _ 

According to still another aspect of the present invention, there is provided there is provided an 
electrically rewritable flash memory device comprising: 

a memory cell array Including a plurality of memory cells arranged in rows, and columns, each Of me 
memory cells including a non-volatile memory element having first and second semiconductor regions 
formed in a first surface portion of a semiconductor substrate, a floating gate formed over and insulated 
from a second surface portion of the semiconductor substrate between the the first and second semicon- 
ductor regions, and a control gate formed over and Insulated from the floating gate; 

a plurality of first conductors extending in parallel with one another in a row direction over the 
semiconductor substrate, control gates of memory cells in one row being connected in common to one first 

annuity of second conductors extending in parallel wilh one another in a column direction over the 
semiconductor substrate, first semiconductor regions of memory cells in one column being connected in 
common to one second conductor; ~. 

e plurality of common conductors extending in the row direction over the semiconductor substrate, 
second semiconductor regions of at least two rows of memory cells being connected In common to one 
common conductor such that the at least one row of memory cells having their second M ™~"*"*° r 
regions connected In common to one common conductor form a memory block, memory blocks so formed 
having different memory capacities; 

a plurality of common voltage control circuits formed in the substrate, one provided tor each of the 
memory blocks, for generating a common voltage assuming at least first and second voltage 

a control circuit formed In the substrate tor generating a control signal indicating wh«eh of the memory 
blocks is subjected to an erasing/writing operation, the control signal being supplied to the plurality* 
common voltage control circuits so that individual common voltage control circuits apply » their f^oa^ 
common conductors common voltages each having one of the first and second voltage «"">£pandinQ 
on the control signal to effect a writing operation with a common voltage of the second *atoe 
applied to a common conductor for a memory block which does not contain a memory eel selected tor the 
writing operation and to effect a simultaneous erasing operation with a common voltage ol the first voltage 
value applied to a common conductor tor a memory block selected for a simultaneous erasing operation. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an embodiment of a microcomputer adopting an all over flash 
memory.^ ^ ^ b|Qck diagram sh0W | ng m embodiment of a microcomputer adopting a flash memory along 

with a mask ROM. . _ . „ 

40 Fig. 3 is a block diagram drawn from the viewpoint of rewrite ol a flash memory by means of a general 

purpose PROM writer. , . __. . 

Rg 4 is a block diagram drawn from the viewpoint of rewrite of a flash memory based on CPU control. 
Fig 5 is a memory map showing an example of a microcomputer applied with an all over flash memory. 
Fig. 6 is a memory map showing an example of a microcomputer having a flash memory along with a 
45 mask ROM. 

Rg. 7 is a diagram for explaining an example of the schematic control procedure of erase. 
Fig 8 Is a diagram tor explaining an example of the schematic control procedure of write. 
Fig. 9 is a diagram for explaining an example of an expedient to achieve rewrite of the flash memory on 

realtime base. , . . , . 

Rg. 10 is a diagram tor explaining an example of a manner of making partial rewrite ol a memory diock 

of the flash memory efficient. 

Rgs. 11A and HB are diagrams for explaining the principle of the flash memory 

Rg. 12 is a diagram for explaining the principle of construction of a memory cell array using memory 

transistors of Rgs. 11 A and 11 B. , . „ 

ss Rg. 13 is a circuit block diagram showing an example of a flash memory in which a plurality of memory 
blocks are defined each in a unit of data line and having different storage capacities. 

Rg. 14 is a block diagram showing an embodiment of further details of a microcomputer corresponding 
to the microcomputer ol Rg. i . 
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Fig. 15 is a plan view showing the packaged state of the microcomputer of Rg. 14. 
Fig. 16 is a block diagram showing the whole of the flash memory incorporated in the microcomputer of 
Fig. 14. 

Fig. 17 is a diagram for explaining an example of division into memory blocks. 
6 Fig. 18 is a diagram for explaining an example of a control register. 

Fig. 18 is a timing chart showing an example of a memory read operation in the flash memory. 

Fig. 20 Is a timing chart showing an example of a memory write operation in the flash memory. 

Fig. 21 is a flow chart showing an example of details of the write control procedure. 

Fig. 22 is a flow chart showing an example of details of the erase control procedure. 
10 Fig. 23 is a diagram for explaining another example of division into memory blocks. 

Rg. 24 is a memory array portion configuration diagram showing an example of a flash memory In 
which a plurality of memory blocks are defined each in a unit of word line, having different capacities. 

Figs. 25A and 25B are diagrams for explaining an advantage of the embodiment shown in Fig- 24. 

Figs. 20A and 26B are diagrams for explaining an example of voltage conditions for countermeasures 
is against data line disturbance in an unselected block for writing. 

Figs. 27A and 27B are diagrams for explaining the principle of generation of data line disturbance and 
countermeasures there against 

Fig. 28 is a diagram for explaining the change of threshold of a memory cell with respect to data line 
disturbance time. 

20 Rg. 29 is a circuit diagram for explaining the correlation of data line disturbance time between memory 
blocks of small storage capacities and memory blocks of large storage capacities. 

Figs. 30A and 30B are diagrams showing an embodiment of a memory array in which a transfer gate 
circuit for selectively separating data lines Is interposed between memory blocks. 

Rg. 31 in an explanatory diagram in which an example of voltage conditions for countermeasures 

29 against data line disturbance is summed up. 

Fig. 32 is a circuit diagram showing an example wherein a dummy word line is arranged between a 
memory block and a transfer gate. 

Rg. 33 is a circuit diagram showing another example wherein a dummy word line is arranged between 
a memory block and a transfer gate circuit. 

30 Fig. 34 is a circuit diagram showing still another example wherein a dummy word line is arranged 
between a memory block and a transfer gate circuit. 

Fig. 35 is a diagram for explaining a memory array in which two memory blocks are arranged on each 
side of a transfer gate circuit 

Fig. 36 is a circuit diagram showing an example of a memory array in which the number of word lines 
as of simultaneously erasable memory blocks is increased sequentially. 

Rg. 37 is a diagram for explaining an example of a memory array in which a transfer gate circuit is 
arranged between a group of large memory blocks and a group of small memory blocks. 

Fig. 38 is a circuit diagram showing an example of a memory array in which the data line structure is 
constructed of main data lines and subsidiary data lines. 
40 Fig. 3d is a diagram for explaining an example in which simultaneously erasable memory blocks are 
arranged on the left and right sides of an X address decoder. 

Fig. 40 is a diagram for explaining an example of a control circuit in Rg. 39. 

Fig. 41 is a diagram for explaining an embodiment in which redundant words are provided In a memory 
block. 

46 Fig. 42 is a diagram for explaining an embodiment in which memory blocks dedicated to redundancy 
are provided. 

Rg. 43 is a diagram for explaining an embodiment in which some memory blocks are formed into one- 
time programmable areas. 

Rg. 44 is a diagram for explaining an embodiment in which some memory blocks are formed into mask 
so ROM's. 

Rg. 45 is a diagram for explaining an example of a layout pattern of memory blocks. 
Rg. 48 is a diagram for explaining a layout pattern In which transfer gate MOS transistors are provided 
between memory blocks. 

Rg. 47 is a diagram for explaining a pattern in which the drain of a dummy cell is floating in contrast to 
65 the configuration of Rg. 46, 

Rg. 48 is a diagram for explaining a layout pattern in which transfer MOS transistors are substantially 
increased in size. 
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Rg. 49 is a block diagram showing an embodiment of the whole of a fleer, awjttf with 
pluralization of memory blocks in a unit of word line and ^untermeasures a 9* n *^ 

Ra 50 is a block diagram showing details of a controf circuit included In the flash memory of Pig. 48 
Fig. 51 is a diagram for explaining details of a power supply circuit included in the flash memory of Fig. 

49 ' Fig. 52 is a waveform diagram showing output voltages generated from the power supply circuit of Fig. 

51 ' Figs . a nd 53B are diagrams for explaining details of an x address decoder included in the flash 

memory offij ^ exp|aining delails of an ex8mple of a n erase circuit included in the flash 

memory of Fig. 49. 

Fig. 55 is an operational timing chart of the erase circuit of Fig. 54. 

Rg 56 is a timing chart of a series of operations related to erase in the flash memory shown in Frg. «. 

Fig 57 is a timing chart of a series of operations related to write in the flash memory shown in Fig. 4B. 
rs Figs 58A to 581 are longitudinal sectional views of a device at various stages of the production 
processes of various transistors for constituting the flash memory or the microcomputer incorporating the 
same. 

Fig. 59 is a diagram for explaining techniques of erasing the flash memory. 

Rg. 60 is a longitudinal sectional view for explaining a semiconductor substrate/well structure cor- 

20 responding to sector erase. 

Fig 61 is a longitudinal sectional view for explaining another semiconductor substrate/well ftrucfajre^ 
Rg. 62 is a longitudinal sectional view for explaining still another semiconductor substrate/well structure 

corresponding to sector erase. 

Fig. 63 is a diagram illustrating an overlap of a specified address area of the random access memory 
as with a predetermined address area of the flash memory. 

Fig 64 is a diagram showing an example of a RAM control register. 

Rg. 65 is a diagram Illustrating an address setting for a specified address area of the random access 
memory. 

Rg. 66 Is a diagram showing an example of a chip select controller. 

so 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described in sequence of the following items. 
(1] A microcomputer adopting an allover flash memory 
35 [2] A microcomputer adopting a mask ROM and a flash memory 

[3] write of information by means of a general purpose PROM writer 
[4] A write control program under the control of a CPU 

[5] Proper use of write by the general purpose PROM writer or write by the CPU control 
[6] Expedient to achieve rewrite on real time base 
40 [7] Making partial rewrite of a memory block efficient 
[8] The principle of the flash memory 

[9] Formation of a plurality of memory blocks having different storage capacities and defined each in a 
unit of data line 

[10] Details of a microcomputer corresponding to Rg. 1 
46 [1 1] A control circuit for rewrite of flash memory FMRY 

[121 Details of the rewrite control procedure of the flash memory FMRY 

[13] Formation of a plurality of memory blocks having different storage capacities and defined each in a 
unit of word line 

[14] Countermeasures against data line disturbance in an unselected block for writing 
so [15] Correlation of data line disturbance time between memory blocks 
[16] A transfer gate circuit for data line separation 
[17] Dummy word lines 

[18] Various forms of pluralization of memory blocks in a unit of word line 
[19] Layout configuration of memory blocks 
ss [20] The whole of a flash memory applied with countermeasurements against dam line disturbance 
[21] A method for production of a flash memory 
[22] A semiconductor substrate/well structure meeting sector erase 
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[11 A microcomputer adopting an allover flash memory 

Rg 1 * a block diagram showing an embodiment of ^ Q ^^t^ZZ^^^ 
m Sole of tha ROM in the m.croco mputor bamg , ^^flTm^nory FMRY in which 
MCU shown in the ^ » ^JEE2S unS'cPU * rewrite by electrical erase and wr«* 
^formation to be processed by ^"f'^SI interface SCI, random access memory RAM 
peripheral circuits such as timer TMR. senal c ^"f~ n ^^ on a 9]ngt9 semiconductor chip CHP 
and input/output circuit I/O. and a .control ckcuHCONT are formed s 0 ^ ^ ^ 
such as silicon through known semicondu^onntegrated arcu, t proa memory cell can be 

FMRY, information is rewritable by electncan ^ £ d jJ^on of eTecttically erasing all memory cells 
constructed of a single transistor; and beades rt has ^ n ^ ltaneous1y . ^ flash memory FMRY has 
simultaneously or a block of momo-y eel to ^^^^Uable unit In Fig. 1. «-MB designates a 
a plurality of memory blocks eac* >™™*™ SSS and 8MB represents a small memory block 
(erge memory bio* having a relatively law storage mwmM memory block SMB is 

having a relatively small storage capacity. The storage memory ^ Accord j np , y< fre random access 
designed to be not larger than** t oUhe 'J^^^^S toxoid the information 
memory RAM can revive d*a JjJJJ^JJ b X ^ fo / re writing. Requisite data and programs 
temporarily and can be "^^^^V^nash memory FMRY will be described later, 
are written in the flash memory FMRY. Oeuu Is of tne ""JJJV J d ^ control of the central 

ao The flash memory FMRY is allowed to rewnto » J™ aemleonduelor chip CHP such as a 

processing unit CPU or under the control of a u ™» **^"f" y °! ' "° 0 „ a sy6tem . In me figure. MODE 
general purpose PROM writer while the ".Computer MCU Is ™»™™**£^ B ^ causes the 
denotes'an operation mode «gnal ^^^^^l.St £ond operation mode which 
central processing unit to control rewr.te of *J***™£^ FRMY and the operation mode signal is 
ra.isas the external unit to control rewrite of the flasn memory 
25 Sited 2 a m£e signal input terminal P mode on me semiconductor ch.p CHP. 

[2] A microcomputer adopting a mask HOM and a flash memory 

w ' Rg . 2 is a block diagram showing an embodiment of ^^'f^Z^^oTZ^ 
W a £ memory. In microcomputer MCU shown, *e figure ^^^^mtmory MASKROM are 

merSS b^ks SMB each defined as a simultaneously erasable un,t. 
W [3] Write of information by meane of a general purpose PROM writer 

Fig. 3 is a block diagram drawn from Ihe viewpoint of rewrito of z flash ^ ^oT^Sol 
general purpose PROM writer. In the figure as an example of * A "Sdar included in 
£ indicated. The mode signals MDO to _ MD2 "S£> to MD2 and decides whether 

the control circuit CONT. though not l,m,iediy decodes """""^ 6 Y . 0 , whether the 

an operation mode which does not require wnte .nto the rf Vernation of the second 

Sst operation mode or the second operation mod€ ' '^9 n »ted. A r "0 ports 
operatSn mode is determined. ^ ^%^<ZJL»ll>n«* purpose 

<b which are to interface with the general purpose P "° M % M P RY . More specifically, an I/O port 

PROM writer PRW to directly access the burton ^ nash memory fmry, an I/O port 

PORTdata for performing input/outp* of data b ^Z^J^mM and an I/O port PORTcont for 
PORTaddr for supplying address signals to the ™^ 

supplying various kinds of control signals ^^^Z^SSi n2g no direct relation to rewrite 
s „ circuit CONT suppresses substernal ^f^^^iS - fti i*- onh CPU ' 

control by means of the general purpose PROM ™vv^ sue connection of such a 

random access memory RAM and mask read only FMRY is disconnected 

built-in function block as the central ^Z^ ^^T^BOs Z ^address bus ABUS. as 
through switch means SWITCH respectively aranged ,n ^^^^^ type output circuits 
ss exemplified in Fig. 3. The switch means SWITCH 1 can also be 9^P 9 « ^ to we data bus 

arranged in a circuit for delivering data from the built-in hndton JtSuss,-* uistate output circuits are 
08US«.d in a circuit for delivering addresses to ^^ dr ^ n b ^ U ® e6 S " C ^ U ^^^^^^ operation 
controlled such that they are brought into high impedance cond,t,on .n response to tne seco 
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mode In the example of fig. 3. the built-in function blocks not being directly related to the rewrite control 
bSeo' on tnV^ral purpose PROM writer, such as the central processing unit CPU. random access 
memory RAM and mask read only memory MASKROM. are brought into a low power consumption mode 
by a standby signal STBV (sign" means that a signal assigned with this sign .a a low active s-gnal). H in a 

6 low power conaumption mode the instate output circuits are so controlled as to be brought into hjgh ^output 
impedance condition, then the power consumption mode may be set to those function btocta ^ '"M** 
designation of the second operation mode by means of the mode signals MOO to MD2 to substenbally 
suppress operation of the builWn function blocks not having direct relation to the rewrite control based on 
the general purpose PROM writer PRW. such as the CPU, RAM and ROM. 

,0 When the second operation mode is set. the I/O pots PORTdata. PORTaddr and PORTcont of fre 
microliter M C U couple to the genera, purpose PROM writer PRW through a <™™*™ •«*« 
SOCKET. The conversion socket SOCKET has on the one hand a terminal arrangement W"*J™»*" 0 a 
ports PORTdata. PORTaddr and PORTcont and on the other hand a terminal arrangement adapt* I for i s 
Standard memory, terminals of one terminal arrangement having the same funcuons as those of term,nals or 

is the other terminal arrangement being connected mutually inside the conversion socket SOCKET. 

[4] A write control program under the control of a CPU 

Rg 4 is a block diagram drawn from the viewpoint of rewrite of a flash memory based on CPU control. 
„ in the microcomputer MCU of Rg. 1. a rewrite control program to be executed by the central Passing 
uniTcPU has precedents been written in the flash memory FMRY by means of the general purpose PROM 
writer PRW. In the microcomputer MCU of Rg. 2. a rewrite control program to be executed by the central 
processing unit CPU can be held in the mask read only memory J^™^™****cv^^ 
\a deslanated bv the mode signals MDO to MD2 and a decoder included in the control circuit COriT 
n recognL, this designation, the central processing unit CPU carries out write of ^^^J^^'Z 
FMRY in accordance with a write control program written in the flash memory FMRY In advance or the 
rewrite control program held in the mask read only memory MASKROM. 

Rg. 5 shows a memory map of the microcomputer having the allover flash memory (aee Rg. IMn the 
figure a rewrite control program and a transfer control program have precedent* been wnden .n 
predetermined areas of the flash memory. When she first operation mode is des.gnated. the central 
processing unit CPU executes the transfer control program to transfer the rewrite control program to the 
randam access memory RAM. After completion of the transfer, the processing of the central ^ceasing 1 unit 
CPU branches to execution of the rewrite control program on the random access memory RAM and through 
this, the erase and write (inclusive of verification) of the flash memory FMRY is repeated. 

F,g. 6 shows a memory map of the microcomputer having the mask ROM along with the 1 flash imemory 
(see Fig. 2). In this case, the transfer program as explained wim reference to Rg. 5 is unneeded. When me 
flret operation mode is designated, the central processing unit CPU sequentially executes a rewrite 1 control 
program held In the mask read only memory MASKROM to thereby repeat erase and write of the flash 

""TtsIws an example of the control procedure of erase by the central processing unit CPU. Firstly, 
in accordance with the rewrite control program, the central processing unit CPU performs pre-wrrte of 
memory cells present within an address range to be erased (steps 71 to 74). Through this, atetes of the 
memory ceils before erase are all uniformed to written states. Subsequently, memory cells standing lor 
objects to be erased are erased little by little while verifying the degree of erase each ume erase is 
49 completed (erase/verify) in order to prevent excessive erase, thus completing an erase operation (steps 75 
to 79). Erase by means of the general purpose PROM writer PRW can be done in a similar way. Erase 
sequence for the flash memory will be detailed hereinafter with reference to Rg. 22. 

Rg. e shows an example of the control procedure of write by the central processing unit CPU- firstly 
the central processing unit CPU sets a write start address of the flash memory FMRY (step si), 
so Subsequently, data transmitted from the outside is read throuflh peripheral circuits designated by the 
rewrite control program, for example.the serial communication interface SCI or I/O ports (step 82). The thus 
read data is written into the flash memory FMRY for a predetermined time (step 83) and the written data Is 
read to verify whether the data is written normally (write/verify) (step 84). Thereafter, the above read, write 
and verify of data are repeated until they are completed for a write end address (steps 85 and 88). Write by 
ss means of the general purpose PROM writer can be done in a similar way. In (his case, however, data to be 
written is supplied from the PROM writer PRW through predetermined ports. Write sequence for the flash 
memory will be detailed later with reference to fig. 21. 
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[5] Proper use of write by the general purpose PROM writer or write by the CPU control 

Principally, write by the general purpose PROM writer is applied to write of initial data or an initial 
program used before on-board of the microcomputer MCU, that id, mounting of the microcomputer MCU 
6 into a system- This can ensure that a relatively large amount of information can be written efficiently. 

Write based on the CPU control is applied to the case where tuning of data is carried out while 
operating the system on which the microcomputer MCU is mounted (called a mounting machine) or the 
case where changes of data and programs under condition that the microcomputer MCU is mounted on the 
system (on-board condition), such as bug countermeasures for programs or changes of programs concomi- 
to tarn with version-up of the system, are needed. Through this, the flash memory FMRY can be rewritten 
without removing the microcomputer MCU from the mounting system. 

[6] Expedient to achieve rewrite on real time base 

75 Fig. 9 shows an example of a technique of expedient to rewrite the flash memory on real time base. In 
the flash memory, because of its storage formatting, time required for erase cannot be reduced even when 
the storage capacity of a memory block defined as a simultaneous erasing unit is made to be small and it 
amounts up to, for example, several of tens of milliseconds to several of seconds. This makes it difficult to 
perform tuning of data by rewriting control data held in the flash memory on real time base while operating 

20 the system with the microcomputer MCU mounted thereon. To cope with this problem, the built-in RAM is 
utilized as a work area or data buffer area for rewrite of memory block. 

More particularly, data of a predetermined small memory block SMB holding data to be subjected to 
tuning is first transferred to a specified address area of the random access memory RAM. 

Next, the microcomputer MCU is switched to a flash memory write mode of operation. This write 

25 operation mode is set either by setting MDO to MD2 for a predetermined value or by setting the rewrite high 
voltage Vpp to be applied to an external terminal to a predetermined rewrite high voltage. This write mode 
indicates tnat the flash memory FMRY is In a state In which it can be written by the CPU and does not 
Indicate that the CPU Is writing the flash jmemory. 

Subsequently, a specified address area of the random access memory RAM is overlapped with an 

30 address of a part of the predetermined small memory block SMB of the flash memory FMRY (step 91 ). 

The reasons why a specified address area of the random access memory RAM Is overlapped with an 
address area of a predetermined small memory block SMB of the flash memory FMRY are as follows. 
Namely, when the flash memory FMRY stores a user program (e.g.. an engine control program) and user 
data (e.g., engine control data), the user data ore read out by the CPU in the course of execution of the user 

36 program to thereby effect engine control on the basis of the read out data. Thus, the user program contains 
addresses of a storage area of the flash memory FMRY in which the user data are stored. Therefore, in 
order to change the user data (i.e.. in order to effect the user data tuning) without converting the user 
program, that is. without rewriting the addresses of the user data contained in the user program, it is 
necessary, for example, to change the address location of a specified address area of the random access 

40 memory RAM in such a manner that the specified address area of the random access memory RAM can be 
considered, when viewed in the address space of the CPU, as being the same as a predetermined address 
area of the flash memory FMRY in which the user data to be subjected to tuning are stored. 

In other words, for tuning of user data, the addresses of the specified address area of the random 
access memory RAM are changed to the addresses of an area of the flash memory FMRY in which the 

45 user data to be subjected to tuning are stored. When the CPU executing the user program accesses the 
user data (data being subjected to tuning) in the flash memory FMRY, actually, the flash memory is not 
accessed but the specified area of the random access memory RAM is accessed. 

Fig. 63 is a diagrammatic representation of overlap of the specified address area of the random access 
memory RAM with the predetermined address area of the flash memory FMRY. 

so For example, as shown in Fig. 63, the address space of the flash memory FMRY is represented to be 
between hexadecimal addresses E000 and EE7F, and the address space of the random access memory 
RAM (built-in RAM area) is represented to be between hexadecimal addresses F680 and FE7F. In this 
figure, M H' M indicates that the addresses are in a hexadecimal representation. 

The specified address area (SRA) of the random access memory RAM is. for example, a 128 byte-area 

65 having addresses from HTB80 to H'F6FF. When user data tuning is carried out, the addresses of the 
specified address area (SRA) are, in Fig. 63, overlapped with addresses fTECOO to H'EC7E of a part of the 
address area (H'ECOO to H'ECFF) of the small memory block SMB within the address space of the flash 
memory FMRY. 
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Such a change of address arrangement can be realized by making the decode logic of the random 
access memory RAM switchabte in response to a predetermined control bit or setting of a flag. 

Namely, the chip select controller CSCOnt shown in Fig. 1 4 has a RAM control register RAMCR as 
shown in Fig. 64. This register is an eight bit register which is readable and writable from the CPU and in 
s which each of bits 3 to 0 has an initial value "0" and each of the bits 7 to 4 has an initial value "1 The bits 
3 to 0 are made valid when the microcomputer MCU is in a write operation mode. Here, the initial values 
are those set in the register at the time when the microcomputer is reset 

The bit 3 (RAMS) of the RAM control register RAMCR determines it how the specified address area 
SRA of the random access memory RAM is utilized, i.e., whether the specified address area SRA of the 
10 random access memory is utilized as having its original addresses or as having addresses overlapped with 
those of a part of the address area of the small address block SMB of the flash memory FMRY. 

Fig. 65 illustrates how to set addresses of the specified address area SRA by use of the RAM control 
register RAMCR. When the RAMS bit is reset to "0", the specified address area SRA is utilized as having 
its original addresses H V F680 to HT6FF of the random access memory RAM, while when the RAMS bit is 
rs set to "1 " with the microcomputer CPU being under write operation mode, the specified address area SRA 
is utilized as being overlapped with the addresses of a part of the small memory block SMB of the flash 
memory FMRY. 

Bit 2 (RAM2) to bit 0 (RAMO) of the RAM control register RAMCR serve to determine it where in the 
small memory block SMB of the flash memory FMRY the addresses of the specified area SRA should be 
20 overlapped with. When the RAMS bit is reset (cleared) to "0", the values of the bits 2 to 0 are of no 
significance. Meanwhile, when the RAMS bit is set to "l", the addresses of the specified area SRA are 
variable depending on the values of the bits 2 to 0. 

Namely, the addresses of the specified area SRA are: 

H'ECOO to H'EC7F for bits 2 to 0 being "0", "0", "0", 
as H*EC80 to H'ECFF for bits 2 to 0 being m Q m , "0", "1 

H'EDOO to KTED7F for bits 2 to 0 being -0", "1", "0 M , 

H'EDSO to H'EDFF for bits 2 to 0 being "O*, "1". "1 " and 

H'EEOO to H'EE7F f or bits 2 to 0 being "1 "0". "0". 

Then, tuning of control data is carried out using the specified address area SRA of the random access 

30 memory RAM which is overlapped with the address of the predetermined memory block. 

After completion of tuning (step 92), the address overlapping of the random access memory RAM and 
memory block SMB Is released, so that the address arrangement of the random access memory RAM 
restores its original state (step 63). Namely, the value of the RAMS bit of the RAM control register RAMCR 
is changed by the CPU from "1 " (set state) to "0" (reset or cleared state). 

ss Finally, data having been subjected to tuning which is held in the the specified address area SRA of the 
random access memory RAM is written by the CPU into the predetermined address area of the memory 
block SMB of the flash memory FMRY (step 94). 

This writing operation is performed by executing the write control program stored in the flash memory 
FMRY. Namely, data In the small memory block of the flash memory FMRY which data are to be changed 

40 or tuned are erased in accordance with the steps of the erase flow chart, as will be later described in detail 
with reference to Fig. 22. Thereafter, the data having been transferred to the random access memory RAM 
and having been subjected to the tuning are written by the CPU into the small memory block SMB of the 
flash memory FMRY (the data being written in the whole of the the small memory block SMB). In other 
words, the scheme which will be next described in "[7] Making partial rewrite of a memory block efficient" 

4$ is employed. 

Through this, the same data as control data held in the flash memory which has been rewritten on real 
time base can eventually be set in or obtained on the memory block SMB while operating the system with 
the microcomputer MCU mounted thereon. 

Subsequently, the microcomputer MCU is switched from the flash memory write operation mode to the 

so normal operation mode by resetting the mode signal MD0 to M02 or by resetting the rewrite high voltage 
Vpp to be applied to the external terminal of the microcomputer to 0 volt. Fig. 66 shows an example of a 
circuit structure of a part of the chip select controller CSCONT in which a RAM address decoder RADE and 
a flash address decoder FADE are coupled to address bus lines L15 to L7 for the higher bits 15 to 7 of the 
inner address bus (bit 15 to 0) to decode the address signal on the address bus lines L15 to L7. For 

ss example, if the address signal on the lines lis to L7 represents an address area of the random access 
memory RAM, the RAM address decoder RADE decodes the signal and makes its output signal RADES 
high. Meanwhile, if the address signal on the lines L15 to L7 represents an address area of the flash 
memory FMRY, the flash address decoder FADE decodes the signal and makes its output signal FADES 
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hiflh .„ r. n aa tha looic circuit OCC other than the RAM address decoder HADE and the flash address 
J£t£ ^'Lt^ovedappina the addresses of ^^^^JS^Z 

JKSSSZM be described in «* J*h 

addresses of the ^^^L'Ira o^elTa TaL™ meTo^S ~ acceS under 
the addresses of the .perilled .^f^^^^^^^onS to one of states (2) to (8) 
«,e conditions ,n * »c*the values d ^^J^^p designation area is accessed appears 
Sh<Wn '^NOD in fIIT as a res^h flath lmoJ?setect signal MS-FLf^ is brought into a high .eve. nor, 
^JLZ^^fT brought into a low .eve- ^^-^J-J- 
£Z S otherwise accessing the small memory block SMB of the f ^"^J^JZ JJ^ 
Lews the specified address area SRA of the random access memory RAM without accessmg the small 

^^^%™ m ^™%» being set to -V. when the address signal on the eddnsss 
,i^ s u s to ^dicates an address other than one of the addresses of address areas erf the fladi memory 
lines lis to L7 'nai«iwa w i «ju RAMCR (i.e„ other than the address 

FMRY represented b, rljjH ^M2 to ^ rf£BAMj» eg ^ ^ gg) ^ 

"J!! N<?D ifbr3 lElfiZwZ As a result, when the address signal on the address bus nes 
^51?. A flash memory selection signal ^J^^iSSX 
«ttve stale so that data is read into the CPU from an address area of the flash memory 
25 ^address sign, on the addre* ,b jjjj. while £ 

STddCs bus lines is accessed by the CPU for data reading .herefrom or data writing there,nto. 
so PI Making partial rewrite of a memory block efficient 

no 10 shows an example of a technique of making partial rewrite of 
memory efficient When part of information held In a predetermined memory block of the flash memory 's 
Z"!ZZT^Z of a bug 0, a program* „ loHJe ■^jy^^iyj 
95 memory block having a smaller storage capacty than <* JL *o»^nd SteMhe data in the 
(step 101). pert of the transferred information is renewed on the RAM (step 102). ™ ° d 

S£ m to rewritten and held in the flash memory FMRY before rewriting can be unneeded thus 
££. wasSu n^Tof information transfer for partial rewrite of the memory block. The above c^ripton 
wtm refere^o Hg. 10 will be dear also from the description with reference to Figs. 63 to 66 made 
hereinbefore. 

4$ 

[81 The principle of the flash memory 

Figs. 11 A and 11B show the principle of the flash memory. A memory cell exemplified if .Fig. 11A is 

consumed of « insulated gate field effect transistor having a two-layer gate • °ZXZ i 

so designates a P type silicon substrate, 14 a P type semiconductor region formed m JJ^ie^SSJd 

13 an N type semiconductor region and 15 and N type semiconductor ^^Z^^ZSS! 

by 8 is a floating gate formed over the P type silicon substrate 1 through a thin oxide fi m 7 (for example. 

havfng a thickness of 10 nm) serving as a tunnel insulating film and by 11 is a control 0*"^ «" * e 

SoSng gate 8 through an oxide film 9. A source is formed of 13 and 15 and a drain « formed of 13 and 14 
ss TZSSZm** in this memory cel. is substantially held as a change in threshold votege >^ »«*«"; 

De^rtbed hereinafter is the case where a transistor used in the memory cell to store information 

SI Z2Z Uo as a memory transistor) Is of N channel type, except otherwise described. 
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A write operation of information to the memory cell can be realized by. applying high voltages to, for 
example, the control gate 11 and drain so that electrons may be injected from the drain side to the floating 
gate 8 through avalanche .injection. As a result of the write operation, the memory transistor assumes a 
threshold voltage as viewed from its control gate 7 which is raised as shown in Fig. 11 B in comparison with 

6 that o! the memory transistor without subjected to a write operation and so placed in the erase condition. 

On the other hand, an erase operation can be realized by applying a high voltage to, for example, the 
source so that electrons may be drawn out of the floating gate 6 to the source side through tunnel 
phenomenon. As a result of the erase operation, the memory transistor assumes a threshold voltage as 
viewed from its control gate 11 which is lowered as shown in Fig. 11B. The threshold of the memory 

to transistor shown in Fig. 11 B is set to a positive voltage level in both of the write condition and erase 
condition. In other words, in relation to a word line selection level applied from a word line to the control 
gate ii, the threshold voltage for write condition Is set to be higher and the threshold voltage for erase 
condition is set to be lower. Thanks to the fact that both the threshold voltages are related to the word line 
selection level in a manner described as above, a memory cell can be constructed of a single transistor 

is without employing a selection transistor. When stored information is to be erased electrically, erase of the 
stored information can be done by drawing electrons stored in the floating gate 8 to the source electrode 
and therefore, by keeping the erase operation continuing for a relatively long time, electrons which are 
larger in amount than electrons injected in the floating gate 8 upon a write operation are drawn out. Thus, 
when electrical erase keeps continuing for a relatively long time, resulting in excessive erase, the threshold 

20 voltage of the memory transistor assumes, for example, a negative level and there occurs such inconve- 
nience that a word line is selected even when the word line is at an unselection level. Write can also be 
effected by utilizing tunnel current as in the case of erase. 

In a read operation, to prevent the memory cell from being written weakly, that is, to prevent the floating 
gate 8 from being injected whh undesired carriers, voltages applied to the drain and control gate 11 are 

25 limited to relatively low values. For example, a low voltage of about 1V is applied to the drain and a low 
voltage of about 5V is applied to the control gate 11. Under the application of these voltages, the magnitude 
of a channel current flowing through the memory transistor is detected so as to decide whether information 
stored in the memory cell is "0" or "1 ". 

Fig. 12 shows the principle of construction of a memory cell array using the memory transistors. In the 

so figure, four memory transistors (memory cells) Q1 to Q4 are typically depicted. In the memory cells 
arranged in matrix in X and Y directions, control gates (gates for selection of memory cells) of memory 
transistors Q1 and Q2 (Q3 and 04) arranged on the same row are connected to a corresponding word line 
WL1 (WU), and drain regions (input/output nodes of memory cells) of memory transistors Q1 and Q3 (Q2 
and 04) are connected to a corresponding data line DL1 (DL2). Source regions of the memory transistors 

ss Q1 and 03 (02 and 04) are coupled to a source line SL1 (SL2). 

Table 1 shows an example of voltage conditions for erase operation and write operations of memory 
ceils. 
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Table 1 

Writing 





memory element 


selection/ 
unselection 


source 


drain 


gate 






selection 


0 V 


6 V 


12 V 


Q2 


unselection 


0 V 


0 V 


12 V 




03 


unselection 


0 V 


6 V 


0 V 


16 


04 


unselection 


0 V 


0 V 


0 V 




Erasing (positive voltage scheme) 






20 


memory element 


selection/ 
unselection 


source 


drain 


gate 




01 # 03 


selection 


12 V 


0 V 


0 V 


25 


02 r 04 


unselection 


0 V 


0 V 


0 V 



Erasing (negative voltage scheme) 



memory element 


selection/ 
unselection 


source 


drain 


gate 


01 r Q2 


selection 


5 V 


0 V 


-10 V 


03 r 04 


unselection 


S V 


0 V 


0 V 



40 In this table, memory elements mean memory cells and gates mean control gates serving as selection ■ 
gates of the memory cells. In erase based on a negative voltage scheme shown in the figure, a negative 
voltage of. for example, -10 V is applied to the control gate to form a high electric field necessary for erase. 
As is clear from the voltage conditions exemplified in the figure, in erase based on a positive voltage 
scheme, memory cells at least sources of which are connected in common can be erased collectively. 

45 Accordingly, with the source lines SL1 and SL2 connected together in the construction of Fig. 12, the four 
memory cells Q1 to Q4 can be erased simultaneously. In this case, by changing the number of memory 
bits connected to the same source line, the si2© of memory block can be set desirably. As for the source 
line division scheme, in addition to a typical instance shown In Fig. 12 where the data line is defined as a 
unit {a common source line is so laid as to extend In the data line direction), there is available an instance 

so where the word line is defined as a unit (a common source line is so laid as to extend in the word line 
direction). On the other hand, in erase based on the negative voltage scheme, memory cells having control 
gates connected in common can be erased simultaneously. 

[9] Formation of a plurality of memory blocks having different storage capacities and defined each in a unit 
65 of data line 

Fig. 13 is a circuit block diagram showing an example of a flash memory in which storage capacities of 
Simultaneously erasable memory blocks are made to be different. 
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The flash memory FMRY shown in the figure has data inputtoutput terminate DO to D7 of 8 bits, so that 
memory array portions ARYO to ARY7 are provided in association with the respective data input/output 
terminals. Each of the memory array portions ARYO to ARY7 is divided into two of a memory block LMB 
having a relatively large storage capacity and a memory block SMB having a relatively small storage 

s capacity. In the figure, details of the memory array portion ARYO are typically illustrated and the other 
memory array portions ARY1 to ARY7 are constructed similarly. 

In each of the memory array portions ARYO to ARY7, memory cells MC formed of insulated gate field 
effect transistors of two-layer gate structure as explained previously in connection with Fig. 1 1 are arranged 
In matrix. Also, in the figure. WLO to Wtn designate word lines which are common to all of the memory 

10 array portions ARYO to ARY7, Control gates of memory cells arranged on the same row are connected to a 
corresponding word line. In each of the memory array portions ARYO to ARY7. drain regions of memory 
cells MC arranged on the same column are connected to a corresponding data line DLO, ... or DL7. Source 
regions of memory cells MC constituting the memory block Smb are connected in common to a source line 
SL1 and source regions of memory cells MC constituting the memory block LMB are connected in common 

ts to a source line SL2. 

A high voltage Vpp used for erase is supplied from voltage output circuits VOUTl and VOUT2 to the 
source lines SL1 and SL2. An output operation of the voltage output circuits VOUT1 and VOUT2 is selected 
in accordance with values of bits B1 and B2 of an erase block designation register. For example, by setting 
-1" to the bit B1 of the erase block designation register, only ihe memory block SMB of each of the 
20 memory array portions ARYO to ARY7 is aJlowed to be erased simultaneously. When "1 "is set to the bit B2 
of the erase block designation register, only the memory block LMB of each of the memory array portions 
ARYO to ARY7 is allowed to be erased simultaneously. When "1 -is set to both the bits B1 end B2. the 
whole of the flash memory is allowed to be erased simultaneously. 

Selection of the word line WLO, ... or WLn is effected by causing a row address decoder XADEC to 
26 decode a row address signal AX fetched in through a row address buffer XABUFF and a raw address latch 
XALAT. A word driver WDRV selects a word line on the basis of a selection signal delivered out of the row 
address decoder XADEC. In a data read operation, the word driver WDRV is operated with a power supply 
as represented by voltage Vcc such as 5 V and earth potential such as 0 V fed from a voltage selection 
circuit VSEL. and it drives a word line to be selected to a selection level by the voltage Vcc and maintains a 
30 word line not to be selected at an unseiection level such as earth potential. In a data write operation, the 
word driver WORV is operated with a power supply as represented by voltage Vpp such as 12 V and earth 
potential such as o V fed from the voltage selection circuit VSEL and it drives a word line to be selected to 
a write high voltage level such as 12 V. In a data erase operation, the output of the word driver WDRV is 
rendered to be a low voltage level such as 0 V. 
as In each of the memory array portions ARYO to ARY7, the data lines DLO to DL7 are connected in 
common to a common data line CD through column selection switches YSO to YS7. Switching control of the 
column selection switches YSO to YS7 is carried out by causing a column address decoder YADEC to 
decode a column address signal ay fetched in through a column address buffer YABUFF and a column 
address latch YALAT. An output selection signal of the column address decoder YADEC is fed in common 
40 to all of the memory array portions ARYO to ARY7. Accordingly, when any one of the output selection 
signals of the column address decoder YADEC is rendered to be a selection level, a single data line is 
brought Into connection to the common data line CD in each of the memory array portions ARYO to ARY7. 

Data read from a memory cell MC to the common data line is applied to a sense amplifier SAMP 
through a selection switch RS and ihe amplified data is delivered to the outside through a data output latch 
45 DOLAT and a data output buffer DOBUFF. The selection switch RS is set to a selection level in 
synchronism with a read operation. Write data red from the outside is held in a data input latch circuit 
DILAT through a data input buffer DIBUFF. When data stored in the data input latch circuit DILAT is "0", a 
write circuit WRIT supplies a write high voltage to the common data line CD through a selection switch WS. 
This write high voltage is fed to the drain of a memory cell, whose control gate is applied with the high 
so voltage under the direction of a row address signal AX, through a data line selected by a column address 
signal AY, so that write into the memory cell in question is carried out. The selection switch WS is set to a 
selection level in synchronism with a write operation. Various timings for write and erase and voltage 
selection control signals are generated by a write/erase control circuit WECONT. 

ss [10] Details of a microcomputer corresponding to Fig. 1 

Fig. 14 is a block diagram showing an embodiment of further details of a microcomputer corresponding 
to the microcomputer of Fig. 1. The microcomputer MCU shown in the figure comprises as the same 
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an .nterrup ,on controller IRCONT. an analog/digital converter adc and a wart Xte e£wE 5£S?' 

^f"* 3 un » CP * -arnory FMRY. random access memory RAM STRESS 
timer pulse unit IPu are coupled to an address bus ABUS* lower data bus LDBUS (for example ■ IbSSS 

data bus MDBUS C0Up,ed *° ,n ° address bus ABUS and higher 

In Fig. 14. the chip select controller CSCONT. an example of a circuit structure Is shown in Flo 6fi 
TZZT meaftS 1 for w decodin 0 *0>»r bits (for example, bits 15 to 7) of the adWb^ ( A Sto geLS 
a select™ eigne! indicating which address area the address signal on the address £ 
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™^f° mDUter S " Ch Ch,p setect as Ascribed above is disclosed to^mpfe U 

hS ?J S r d ,, 0n , DeC6mb8r 3 ' 1991 and «> Hitachi Microcomputer Gnrt^ng ' Ud^M 

Hrtach. Ltd.. the disclosure of which is hereby incorporated by reference " eng.neer.ng Ltd. and 

flr^oeSoJ'mS- ^ 2?J 9 „ 8,903,8 8upp " ed 10 •* contro ' C 0 N T In order to set the . 

i 7 !r. Rfl ' 1 * Denot ^ fa y RES* is a reset signal and bv STBV is a standbv *in rt «i 

these signals being supplied to the central processing unit CPU and other circuit b^ NM?de?onX l 

P^^^^P^Si^KI^?K^S^. 8,6 a ^ P " ed 10 108 ^^on controller ICONT through the ports 

upper byte write signal "Jw^ J.'tC^.JSlI ^^5^^ 

byte write signal for informing the outside of a write cvcte of ta«*»r n JZTtLL- ,<S 

signals for the outside of the microcomputer McS ' 60 S ' 9nal8 66,09 aCCeSS contro1 
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g ai purpose prom writer through the conversion socket SOCKET explained In connection with Rg. 3. 
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Conveniently, the allotment of the external terminals at that time can be done in the form of such a terminal 
arrangement that the microcomputer MCU can be connected with ease to the PROM writer PRW through 
the conversion socket SOCKET. The external terminals allotted for connection to the PROM writer PRW In 
the second operation mode are assigned with other functions in the other operation mode of the 
6 microcomputer MCU. 

Rg. 15 shows a top view of a flat package of the Fig. 14 microcomputer MCU which is. for example, 
sealed with resin and designed to have external terminals in four directions. Signals shown in Fig. 15 are 
identical to those shown in Fig. 14. External terminals (pins) not assigned with signal names may be utilized 
as an input pin of a wait signal, an input pin of a bus request signal, an output pin of a bus acknowledge 
10 signal and input/output pins for signals between such a peripheral circuit as serial communication interface 
SCI and the outside. 

In the package FP shown in Fig, 15. the distance PP between adjacent terminals (pins) led from the 
package FP may be 0.5 mm or less. To explain, consider that a user of the microcomputer MCU connects 
the flash memory FMRY included in the microcomputer MCU to the PROM writer PRW through the 

T5 conversion socket SOCKET so as to write data into the flash memory FMRY. In this case, when the 
distance between adjacent terminals (pin pitch) PP of the package FP is set to be 0.5 mm or less, pin 
bends due to unwanted contact between external terminals of the conversion socket SOCKET and those of 
the package FP tend to occur when the package FP is inserted into the conversion socket SOCKET. In the 
event that such pin bends take place, electrical connection between terminals of the conversion socket 

20 SOCKET and those of the package FP is prevented in respect of terminals suffering from the pin bends, 
thus making it impossible to write data into the flash memory FMRY by means of the PROM writer PRW. 

As far as this point is concerned, according to the Invention, the central processing unit CPU Is allowed 
to write data into the flash memory FMRY and therefore, after the package of the microcomputer MCU Is 
mounted on a mounting board (printed board), the user can write data in the flash memory FMRY by means 

25 of the central processing unit CPU without using the external PROM writer PRW for write of data into the 
flash memory FMRY. whereby even when the microcomputer MCU is sealed In the package having the pin 
pitch which is 0.5 mm or less, the user can be relieved from committing lead bends of external terminals 
led from the package, it is to be noted that in the semiconductor maker, an automatic handler can be used 
and therefore a test of the microcomputer MCU can be conducted steadily and without causing pin bends 

so even if the microcomputer MCU is sealed in the package of the pin pitch being 0.5 mm or less. 

[11] A control circuit for rewrite of flash memory FMRY 

Fig. 16 is a block diagram showing the whole of the flash memory FRMY incorporated in the 

as microcomputer MCU of Fig. 14. In the figure, ARY designates a memory array in which memory cells 
formed of insulated gate Held effect transistors of two-layer gate structure explained in connection with Figs 
11 A and 11B are arranged in matrix. In this memory array ARY, [ike the construction explained with 
reference to Fig. 13, control gates of memory cell9 are connected to a corresponding word line, drain 
regions of memory cells are connected to a corresponding data line and source regions of memory cells 

40 are connected to a source line common to each memory block, but the array is divided into memory blocks 
in a different manner from Fig. 13. For example, as shown in Fig. 17, the array is divided into seven large 
memory blocks (large blocks) LMBO to LMB6 each having a relatively large storage capacity and eight 
small memory blocks (small blocks) SMBO to SMB7 each having a relatively small storage capacity. The 
large memory block is utilized as. for example, a program storing area or a large capacity data storing area. 

46 The small memory block is utilized as, for example, a small capacity data storing area. 

In Fig. 16, ALAT designates a latch circuit for address signals PABO to PAB15. In the first operation 
mode, the address signals pabo to PAB15 correspond to output address signals BAO to BA15 of the central 
processing unit CPU. In the second operation mode, the address signals PABO to PAB15 correspond to 
output address signals EAO to EA15 of the PROM writer PRW. XADEC designates a row address decoder 

so for decoding a row address signal fetched in through the address latch ALAT, WDRV designates a word 
driver for driving a word line on the basis of a selection signal delivered out of the row address decoder 
XADEC. In a data read operation, the word driver WDRV drives the word line with a voltage of 5 V and in a 
data write operation, drives the word line with a high voltage of 12 V. fn a data erase operation, all outputs 
of the word driver WDRV are rendered to be a low voltage level of OV. YADEC designates a column 

S'j address decoder for decoding a column address signal fetched in through the address latch YALAT. YSEL 
designates a column selection circuit for selecting a data iine in accordance with an output selection signal 
of the column address decoder YADEC. SAMP designates a sense amplifier for amplifying a read signal 
from a data iine selected by the column selection circuit YSEL in a data read operation. DOLaT designates 
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a data output latch for holding an output of the sense amplifier. DOBUFF designates a data output buffer for 
delivering data held in the data output latch DOLAT to the outside. In the figure, PDBO to PDB7 are data of 
lower 8 bits (one byte) and PDB8 to PDB15 are data of upper 8 bits. In accordance with this example, the 
output data is of two bytes at maximum. DIBUFF designates a data input buffer for fetching write data fed 

s from the outside. The data fetched in by the data input buffer DIBUFF is held in a data input latch circuit 
DILAT. When the data held in the data input latch circuit DILAT is "(T. a write circuit WRIT supplies a write 
high voltage to a data line selected by the column selection circuit YSEL This write high voltage is supplied 
to the drain of a memory cell whose control gate is applied with a high voltage In accordance with a row 
address signal, so that the memory cell in question undergoes write- ERASEC designates an erase circuit 

io for supplying an erase high voltage to a source line of a designated memory block to erase the memory 
block simultaneously. 

FCONT designates a control circuit for performing timing control of a data read operation and selection 
control of various timings and voltages for write and erase. This control circuit FCONT comprises a control 
register CREG including the erase block designation register MB REG and the program/erase control 
75 register PEREG- 

Rg. 18 shows an example of the control register CREG. The control register CREG includes a 
program/erase control register pereg ot 8 bits and erase block designation registers MBREG1 and 
MBREGG2 each being of 8 bits. In the program/erase control register PEREG, Vpp represents a high 
voltage applying flag which is rendered to be "I" in accordance with the application of a rewrite high 
20 voltage. An E bit is a bit for designating an erase operation and an EV bit is a bit for designating a verify 
operation for erasure. A P bit is a bit for designating a write operation (program operation) and a PV bit is a 
bit for designating a verify operation for writing. The erase block designation register MBREGi is a register 
for designating any one of memory blocks contained in the seven divisions of large block and the erase 
block designation register MBREG2 is a register for designating any one of memory blocks contained in the 
25 eight divisions of small block, each of these registers having 0-th bit to seventh bit which are bits for 
designating individual memory blocks whereby, for example, bit "l M signifies selection of a corresponding 
. memory block and bit *<T signifies unselectlon of a corresponding memory block. For example, when the 
seventh bit of the erase block designation register is "1 the small memory block SMB7 is designated. 
The control register CREG is readable/writable from the outside. The control circuit FCONT makes 
30 reference to the contents set in the control register CREG to control erase and write in accordance with the 
contents. The operation state of erase and write can be controlled by the CPU or externally by rewriting the 
contents of the control register CREG. 

In Rg. 16. the control circuit FCONT is supplied with control signals of FLM. MS-FLM, MS-MISN. 
M2RDN, M2WRN, MRDN, MWRN, I0W0TDN and RST and is also supplied with data of PDB8 to PDB15 of 
95 upper one byte and predetermined bits of address signals PABO to PAB15. 

The control signal FLM is a signal for designating an operation mode of the flash memory FMRY 
whereby Its "0" designates the first operation mode and its "1 M designates the second operation mode. 
This signal FLM is formed on the basis of, for example, the mode signals MOO to MD2. 

The control signal MS-FLN Is a selection signal of the flash memory FMRY whereby its "0" designates 
40 selection and its "1" designates unselection. In the first operation mode, the central processing unit CPU 
delivers the control signal MS-FLN and in the second operation mode, the control signal MS-FLM 
corresponds to a chip enable signal CE* supplied from the PROM writer PRW. 

The control signal MS-MISN is a selection signal of the control register CREG. In this case, selection of 
which one of the program/erase control register PEREG, erase block designation register MBREGi and 
4S erase block register MBREG2 is determined by consulting predetermined bits of the address signals PABO 
to PAB15. In the first operation mode, the central processing unit CPU delivers the control signal MS-MISN. 
In the second mode, the most significant address bit EA16 delivered out of the PROM writer PRM is 
deemed as the control signal MS-MISN. though not limitedly. 

The M2RON is a memory read strobe signal, the M2WRN is a memory write strobe signal, the MRDN 
so is a read signal of the control register CREG and the MWRN is a write signal of the control register CREG. 
In the first operation mode, the central processing unit CPU delivers these control signals. In the second 
operation mode, though not limitedly, a write enable signal WE* supplied from the PROM writer PRW is 
deemed as the M2WRN and mwrn and an output enable signal OE" supplied from the PROM writer is 
deemed as the M2RON and MRDN. Trie memory write strobe signal M2WRN is deemed as a strobe signal 
55 for writing data to be written in a memory cell into the data input latch circuit DILAT. Practically, write into 
the memory cell is started by setting a P bit of the control register CREG. 

IOWORDN is a signal for switching access to the flash memory FMRY between 8-bit read access and 
16-bit read access. In the second operation mode, this control signal IOWORDN is fixed to a logical value 
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for designating the 8-bit read access. 

RST is a reset signal for the flash memory FMRY. When the flash memory FMRY Is reset by this signal 
RST or when the Vpp flag of program/erase control register PEREG Is rendered to be "0 the mode 
setting bits EV. PV. E and P in the program/erase control register PEREG are cleared. 

6 Rg. 19 is a timing chart showing an example of a memory read operation in the flash memory FMRY. In 
the figure. CK1M and CK2M are non-overlap 2-phase clock signals which are deemed as operation 
reference clock signals. Denoted by tCYC Is cycle time which differs only slightly from access time for the 
RAM. A read operation of the control register CREG is carried out at similar timings. 

Fig. 20 is a timing chart showing an example of a memory write operation in the flash memory FMRY. 

10 In a memory write operation designated by a write strobe signal M2WRN shown in the figure, actual write of 
a memory cell is not carried out as described previously but input address signals pabo to PAB15 are held 
in the address latch circuit ALAT and input data of PBS to PB15 is held in the data input latch DILAT. thus 
completing a write cycle of interest. A write operation of the control register CREG is conducted at similar 
timings but in this case, actual data write into the control register CREG is carried out 

1$ 

[12] Details of the rewrite control procedure of the flash memory fmry 

In this item, an example of details of the control procedure will be described in which the central 
processing unit CPU or the PROM writer performs write and erase of the flash memory through the control 

20 circuit FCONT. Basically, in the flash memory, information is written into a memory cell under the erase 
condition. In the first operation mode In which rewrite of the flash memory is effected with the microcom- 
puter mounted on the system, a rewrite control program to be executed by the central processing unit CPU 
includes a program for erase and a program for write. The rewrite control program can be programmed 
such that an erase process routine is initially executed and a write process routine Is automatically executed 

25 without interruption in accordance with designation of the first operation mode. Alternatively, erase and write 
may be separated and then the first operation mode may be designated thereto separately. Rewrite control 
by the PROM writer can be executed through a similar operation to that of the first operation mode. The 
write control procedure and erase control procedure will now be described. 

Fig. 21 shows an example of details of the write control procedure. The procedure shown in the figure is 

so the procedure for write of data of, for example, one byte and is common to both of the control by the 
central processing unit CPU in the first operation mode and the control by the PROM writer in the second 
operation mode. The following description will be given by way of a control master which Is represented by 
the centra) processing unit CPU. 

In the initial step of data write in a unit of byte, the central processing unit CPU sets one to a counter n 

95 built therein (step S1). Subsequently, the central processing unit CPU performs the memory write operation 
explained in connection with Fig. 20 to set data to be written in the flash memory FMRY to the data input 
latch circuit DILAT shown in Fig. 16 and set an address to be written with the data to the address latch 
circuit ALAT (step $2). Then, the central processing unit CPU issues a write cycle to the control register 
CREG to set a program bit P (step 3). Through this, the control circuit FCONT applies, on the basis of the 

40 data and address set in the step 2. high voltages to the control gate and the drain of a memory cell 
designated by the address to perform write. The central processing unit CPU waits for. for example, 10 
usee, to clear the write process time on the flash memory side (step $4) and then clears the program bit P 
(step S5). 

Thereafter, in order to confirm the write state, the central processing unit CPU issues a write cycle to 
45 the control register CREG and sets a program verify bit PV (step 6). Through this, the control circuit CONT 
utilizes (he address set by the step 2 to apply a verify voltage to a word line to be selected by that address 
and to read data from the memory cell subjected to write. To ensure a sufficient write level, the verify level 
voltage is set to a voltage level of. for example, 7 V which is higher than the power supply voltage Vcc such 
as $ V. Thus, the central processing unit CPU checks coincidence of read-out data with data utilized for 
so write (step S7). If the central processing unit CPU confirms coincidence through verify, it clears the program 
verify bit PV (step SB), thus completing write of the one-byte data. 

On the other hand, if the central processing unit CPU confirms non-coincidence through verify by step 
S7. it clears the program verify bit PV in step S9 and thereafter decides whether the value of counter n 
reaches a write retry upper-limit frequency N (step 310). Thus, if the write retry upper-limit frequency N Is 
55 reached, defective write is determined and the processing ends. If the write retry upper-limit frequency N Is 
not reached, the central processing unit CPU increments the value of counter n by one (step 311) and 
repeats the processing beginning with the step S3. 
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Fig. 22 shows an example of details of the erase control procedure. The procedure shown in the figure 
Is common to both of the control by the central processing unit CPU In the first operation mode and the 
control by the PROM writer in the second operation mode. The following description will be given by way of 
a control master which is represented by the central processing unit CPU. 

e Upon era$o, the central processing unit CPU sets one to its built-in counter n (step S21). Subsequently, 
the central processing unit CPU performs pre-write of memory cells within an area to be erased (step $22). 
Namely, data "0 *is written in a memory cell at an address to be erased. The control procedure for pro- 
write may make use of the write control procedure explained with reference to Fig. 21. This pre-write 
processing is carried out in order to uniform, over ail bits, electric charge amounts present in the floating 

10 gates before erasing, thus making the erase state uniform. 

Subsequently, the central processing unit CPU Issues a write cycle to the control register CREG to 
designate a memory block to be erased simultaneously (step S23). More particularly, a memory block 
number to be erased is designated to the erase block designation registers MBREG1 and MBREG2. After 
the designation of the memory block to be erased, the central processing unit CPU issues a write cycle to 

i& the control register CREG to set an erase bit E (step 24). Through this, the control circuit ECONT applies a 
high voltage to a source line of the memory block designated by the step 23 to erase the memory block of 
interest simultaneously- The central processing unit CPU waits for. for example, 10 msec, to clear the batch 
erasing process time on the flash memory side (step S25). A time duration of 10 msec, is shorter than the 
time for completing one erase operation. Then, the erase bit E is cleared (step S26). 

20 Thereafter. In order to confirm the erase suite, the central processing unit CPU first sets internally a ^ 
head address of the memory block to be erased simultaneously as an address to be verified (step $27) and if , 
then performs dummy write to the verify address (step S28). Namely, a memory write cycle is issued to the , « . 

address to be verified. Through this, the memory address to be verified is held in the address latch circuit • 1?> p 

alat. Subsequently, the central processing unit CPU issues a write cycle to the control register CREG and 

25 sets an erase verify bit EV (step 29). Through this, the control circuit FCONT utilizes the address set by the 
step 28 to apply an erase verify voltage to the word line to be selected by the address and to read data of 
the erased memory cell. To ensure a sufficient erase level, the erase verify voltage is set to a voltage level 
of. for. example. 3.5 V which is lower than the power supply voltage Vcc such as 5 V. Thus, the central 
processing unit CPU verifies coincidence of read-out data with data under the erase completion state (step 

30 S30). If the central processing unit CPU confirms coincidence through verify, it clears the erase verify bit EV 
(step S31) and then decides whether the present verify address is a final address of the erased memory 
block (step S32), thus completing a series of erase operations if the final address is identified. If the final 
address is not reached, the central processing unit CPU Increments the verify address by one (step S33) 
and repeats the processing beginning with the step 829. 

as On the other hand, if the central processing unit CPU confirms non-coincidence through verify by step 
830, it clears the erase verify bit EV in step S34 and thereafter decides whether the value of counter n 
reaches a gradual erase upper-limit frequency n (step S35). If the gradual erase upper-limit frequency N is 
reached, a defective erase is determined and the processing ends. If the gradual erase upper-limit is not 
reached, the central processing unit CPU increments the value of counter n by one (step 836) and repeats 

AO the processing beginning with step S24, Practically, in order to prevent an excessive erase in which the 
threshold voltage of the memory ceil assumes a negative value owing to erase effected excessively, erase 
is gradually repeated for a short time of 10msec while performing verify every frequency. 

[13] Formation of a plurality of memory blocks having different storage capacities and defined each in a unit 
45 of word line 

Fig. 24 shows a memory mat configuration of a flash memory in which a plurality of memory blocks are 
defined each in a unit of word line and the simultaneously erasable memory blocks have different storage 
capacities. 

so While in the configuration shown in Fig. 13 memory blocks are defined each in a unit of data line, 
memory blocks are defined in a unit of word line in Fig. 24. in the figure, a memory block LMB having a 
relatively large storage capacity and a memory block 8MB having a relatively small storage capacity are 
illustrated as representatives throughout memory array portions ARYO to ARY7. 

In each of the memory array portions ARYO to ARY7, memory cells MC formed of insulated gate field 

55 effect transistors of two-layer gate structure as explained previously in connection with Fig. 11 are arranged 
in matrix. In the figure, WLO to WLn designate word lines which are common to all of the memory array 
portions ARYO to ARY7. Control gates of memory cells arranged on the same row are connected to a 
corresponding word tine. In each of the memory array portions ARYO to ARY7, drain regions of memory 
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cells MC arranged on the same column are connected to a corresponding date line OLO, ... or DLm. Source 
regions of memory cells MC constituting the small memory block SMB are connected In common to a 
source line SLwi extending in the word line direction and source regions of memory cells MC constitubng 
the large memory block LMB are connected in common to a source line SLwi extending in the word line 
5 direction. As in the case ol Fig. 13. In simultaneous erasing effected in a unit of memory block, a m^ory 
block to be erased simultaneously is designated by the erase block designation register, so that high 
voltage Vpp for erase is supplied to a source line of the designated memory block. Details of the voltage 
conditions for erase and write will be described later. YSEL designates a Y selection ^h.CD a^mon 
data line, WRIT a write circuit, DILAT a data input latch, SAMP a sense amplifier. DOLAT a data output 
10 latch, DIBUFF a data input buffer and DOBUFF a data output buffer. 

The relation between memory array portions ARYO to ARY7 and output data resembles that m FlgJ3- 
More particularly, one bit of input/output data corresponds to one memory mat For example, data DO »s 
under the charge of the memory array portion ARYO. By employing such a configuration of one memory 
mat per one input/output the common data line CO can be sectioned, one for each memory array portion, 
is and need not extend over a long distance throughout all of the memory array portions, aa illustrated lm Figs. 
25A and 25B. The length of the common data line CD is much smaller than that of the common data hi le 
CD'. Accordingly, parasitic capacitance (Cst) associated with tne common data line CD can be reduced (est 
« Cst) to contribute to speed-up of access and a low voltage operation. 

When memory blocks such as LMB and SMB are defined each in a unit of word line as shown in Fig. 
a> 24, a minimum memory block in the whole of memory array ARY having a parallel input/output bit number 
equal to one byte has a storage capacity corresponding to that of one word line, that .s, the storage 
capacity corresponding to the number of memory cells associated with one word line over the entire 
memory array. This holds regardless of the number of parallel input/output bits. Contrarily, when memory 
blocks are defined each in unit of data line as shown in Fig. 13, a minimum memory block in the whole of 
2s memory array has a storage capacity complying with the number of parallel Input/output bits to , amount up 
to a storage capacity of 8 data lines (one data line is associated with each memory mat). Accordingly, if the 
number of memory bits In the direction of data line is 1/8 of the number of memory bits in the direction of 
word line, no difference takes place between memory blocks defined in a unit of data line and memory 
blocks defined in a unit of word line. Practically, however, the number of memory bits in the direction of 
30 data line is conditioned by the efficiency of layout of semiconductor integrated circuit formation or the 
efficiency of addressing memory cells, amounting up to about 1/2 of the number of memory bits in the 
direction of word line and in addition, due to the fact that the flash memory buiH in the microcomputer is 
connected to internal data bus. the number of parallel input/output bits is defined in a unit of byte or word. 
For these reasons, the storage capacity of the minimum memory block can be reduced drastically in the 
w case where memory blocks are defined each in a unit of word line. With the minimum size of memory block 
reduced, convenience of use of a memory block as a data area can be Improved further and besides the 
effect of preventing such wastefulness that information Is erased simultaneously together with information 
which need not substantially be rewritten and then the latter information is again written can fulfill itself. 

40 [14] Countermeasures against data line disturbance In an unselected block for writing 

Figs 26A and 26B show an example of the voltage conditione for erase/write available when memory 
blocks are defined each in a unit of word line. Especially, countermeasures against data line disturbance are 
applied to an unselected block (unselected memory block) for writing. 
as In Fig. 26A showing the voltage conditions for erase, a selected block (selected memory block) 20 is a 
memory block selected for simultaneous erasing and an unselected block 21 is a memory block not 
selected for simultaneous erasing. In an erase operation, word lines WLh to WLk depicted as representa- 
tives are applied with ground potential GND such as 0 V. In the selected block 20, its common source line 
SLwm is applied with a high voltage Vpp of, for example. 12 v so that memory cells of the selected block 
20 may be erased simultaneously. In the unselected block 21, its common source line SLwn is maintained 
at ground potential GND to inhibit erase. 

In Fig, 26B showing the voltage conditions for write, a selected block 30 Is a memory block containing 
memory cells selected for writing and an unselected block 31 Is a memory block not containing memory 
cells to be written, in the selected block 30. a common source line SLwm is applied with ground potential 
GND and when, for example, a memory cell MC circled by phantom line is to be written, high voltage Vpp 
is applied to a word line WLh connected with its control gate and a relatively high voltage Vp of. for 
example, 6 V is applied to its data line. In the selected block 30, a word line WLi not selected is applied 
with ground potential GND. 



so 



55 
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Upon writing, in the unselected block 31. ail word lines WLj and WLk are maintained at ground potential 
GND, so that memory cells are rendered not to be selected. Because of the nature of formation of memory 
blocks in a unit of word line, the data line extending into the unselected block 31 is also applied with voltage 
Vp in accordance with write effected in the selected block 30. Namely, a memory cell MC in the unselected 

s block 31 is placed in the condition of word line unselection and data line $election in accordance with write 
effected in the selected block 30. For example, in accordance with the condition shown in Fig. 2BB, when a 
circled memory cell In the selected block Is to be written, a memory cell (surrounded by a quadrangle of 
phantom line)in the unselected block 31 and connected to a data line DLk associated with the former 
memory cell is applied with voltage Vp. Then, a common source line SLwn in the unselected block 31 is 

10 applied with a voltage Vddi (data line disturbance prevention voltage) of, for example, 3.5 V to apply 
countermeasures against data line disturbance. If the source line SLwn is applied with ground potential GND 
as In the case of the selected block 30, then data line disturbance will occur. In the selected block 30. 
memory cells which are connected to data line DLk and are not to be written are applied with ground 
potential GND at their associated word lines end source lines to set up the same condition as that 

16 responsible for occurrence of data line disturbance but such condition can be substantially negligible. This 
will become apparent from item [15] of "Correlation of data line disturbance time between memory blocks" 
to be described later with reference to Fig. 29. 

Fig. 27A shows the mechanism of generation of data line disturbance. More particularly, in a region (1) 
near the source side end of drain, electron and hole pairs are generated through a tunnel phenomenon 

20 between bands. At that time, if the source is maintained at ground potential GND and the drain is 
maintained at a relatively high voltage Vp to generate a relatively large electric field, holes of the electron 
and hole pairs are accelerated by an electric field in a depletion layer of the region (2) and turn into hot 
holes. The hot holes pass through a thin tunnel insulating film of about 10 nm thickness (under floating gate 
electrode 8) so as to be Injected Into the floating gate 8. This state is a data line disturbance state and when 

25 a memory cell transistor suffers from the data line disturbance for a long time, Its threshold is decreased, 
with the result that the memory cell being in write state "0" changes to erase state "1 " and the memory cell 
being in erase state "1" undergoes depletion to cause an unwanted change of stored information or an 
eventual erroneous operation (data line disturbance fault). 

Fig. 27B shows the mechanism of counter-measurements against data line disturbance. To describe. 

30 when potential on the source side is raised in the unselected block for writing by applying a voltage Vddi of 
3.5 V to the source of a memory cell as shown in Figs. 26A and 26B. an electric field in a depletion layer as 
indicated by a region (2) is weakened and as a result, the turning of holes of electron and hole pairs into hot 
holes is prevented to ensure that the reduction in threshold of the memory cell transistor can be prevented. 
Fig. 28 shows an example of experiment concerning the change of threshold of a memory cell with 

35 respect to data line disturbance time. In this experiment, a memory cell transistor as shown in the figure is 
used and write is repeated to obtain threshold voltages by maintaining the source potential Vs at 0 V, 
floating (open) and 3>5 v, respectively, under the condition that ground potential GND is applied to the 
control gate and substrate of the memory cell transistor and 6.5 V is applied to the drain thereof. The upper 
portion of the figure is for the memory cell transistor being in ihe write state "0 W and the lower portion is for 

40 the memory cell transistor being in the erase state "1 ". As is clear from the figure, for Vs = 3.5 V, a 
decrease in threshold which is too large to be negligible does not occur within a data line disturbance time 
of about 1000 seconds under any of the erase state and the write state. 

From the above, it will be understood that in order to prevent occurrence of faults due to data line 
disturbance, the source potential of the unselected memory block needs to be biased with a data line 

45 disturbance prevention voltage Vddi such as 3.5 V not higher than the drain voltage and the data line 
disturbance time needs to be reduced to as small a value as possible. 

[15] Correlation of data line disturbance time between memory blocks 

so The correlation of data line disturbance time between a memory block MBa having a relatively small 
storage capacity and a memory block MBb having a relatively large storage capacity as shown in Fig. 29 
will be described. For convenience of explanation, the common source line of an unselected block for 
writing is also maintained at ground potential GND as in selected block for writing. The data line disturbance 
time in this case is shown in Table 2. In this table, though not limitedly, the write time per memory cell one 

5& bit is set to 100 usee, and the number of times of the erase and write is set to 10000. One erase and write 
operation referred to herein means such an operation that an object memory block is erased simultaneously 
and thereafter individual word lines are sequentially selected to write memory cells. But the data line 
disturbance time of a memory cell in the memory block selected for writing is handled on the assumption 
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that a word line to which the memory cell ol Interest Is coupled Is not selected. 



Table 2 



6 




data line disturbance time affecting 
MCa 


data line disturbance time 
affecting MCb 




MBa selected. MBb unselected 


(PHASE A/A> 100 uSx 15x1 time 
5s 1.5 msec 


(PHASE B/A> 100 aSx16x10* 
times* 1.6 sec 


10 


MBb selected, MBa unselected 


(PHASE A/B> 100 uSx 1008x10* 
times- iooo sec 


(PHASE B/B) 100 uSx 1007x1 

time = 0,1 sec 




write time per bit - 100 US 
write/erase times = 10* 


t 



IS 



According to the results, the data line disturbance time affecting a memory cell MCa of the memory 
block MBa Is 1.5 msec when the memory block MBa of interest is selected for writing (Phase A/A) and 1000 
sec. when the memory block MBb is selected (Phase A/B). Firstly, this difference is due to a difference in 
storage capacity (the number of word lines) between the memory blocks MBa and MBb. Namely, this is due 

20 to the fact that while in a calculation equation of data line disturbance time shown in Phase A/A. which is 100 
us x 15 x one frequency the time of word line switching upon write following simultaneous erasing of the 
memory Hock is 15 which corresponds to the number of word lines of the memory block MBa. the number 
of times of word line switching upon write following simultaneous erasing of the memory block is 1008 
corresponding to the number of word lines of the memory block MBb in a calculation equation of data line 

26 disturbance time shown in Phase A/B which Is 100 us x 1008 x 10000 frequencies. Secondly, the above 
difference is attributable to the fact that in calculation of the data line disturbance time affecting the memory 
cell MCa in the memory block MBa selected for rewriting the number of times of substantial rewrite is 
deemed as one. More specifically, the difference is due to the fact while the number of times of rewrite is 
deemed as one in the calculation equation of data line disturbance time shown in Phase A/A which is 100 

30 us x 15 x one time, the number of times of rewrite is 10000 which coincides with the number of times of 
actual rewrite operations in the calculation equation of the data line disturbance time shown in Phase A/B 
which is 100 us x 1008 x 10000 times. Presumably, this is because for the memory cell MCa in the 
memory block MBa selected for rewriting, threshold voltages of all memory cells are raised through prewrite 
preceding simultaneously erasing and thereafter erase is carried out stepwise from the viewpoint of 

35 prevention of excessive erase upon each rewrite operation as explained with reference to Rg, 22, so that 
the data line disturbance time of the memory cell MCa of interest is substantially defined by the time for 
one rewrite operation. In other words, the data line disturbance state affecting the memory cell MCa in the 
memory block MBa selected for rewriting le deemed as being initialized every rewrite operation. Contrary to 
this, when a memory block selected for rewriting is the memory block MBb. the memory cell MCa does not 

40 undergo the initialization and the data line disturbance time is accumulated in accordance with the 
frequency of actual rewrite operations. 

Similarly, the data line disturbance time affecting the memory cell MCb of the memory block MBb is 0.1 
sec. when the memory block MBb of interest is selected as write object (Phase B/B) and is 16 sec. when 
the memory block MBa is selected (Phase B/A). As in the preceding, this difference Is also due to the fact 

45 that the storage capacity (the number of word lines) dirTers between the memory blocks and the substantial 
frequency of rewrite operations is deemed as one in the calculation of the date line disturbance time 
affecting the memory cell MCb in the memory block MBo selected for rewriting. 

From this, it is clear that the data line disturbance time to which the unselected memory block is 
subjected owing to write of the selected memory block is far longer than the data line disturbance time 

50 affecting the memory cell in the selected memory block. Accordingly, it will be appreciated that in order to 
prevent a decrease in threshold voltage of a memory cell due to data line disturbance, the common source 
line on the unselected memory block side for writing is at least required to be biased by voltage Vddi but 
the data line disturbance time affecting the memory cell in the selected memory block can be neglected 
without causing almost any troubles. 

66 Further, the following will be clear from the contents of Phase A/B and Phase B/A in the correlation of 
the data line disturbance time shown in Table 2. Namely, the data line disturbance time (e.g.. 1000 sec) 
affecting an unselected memory block having a small storage capacity owing to write of a memory block 
having a large capacity is relatively larger than the data line disturbance time (e.g., 1 .6 sec) in the converse 
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[16] A transfer gate circuit for data line separation 

6 Figs. 30A and 308 show an embodiment of a memory array in which a transfer gate circuit for 
selectively separating data lines is interposed between memory blocks. A transfer gate circuit TGC Is 
arranged between memory blocks MBa and MBb and has transfer MOS transistors TO to Tk associated with 
data lines DLO to DLk in one to one correspondence relationship, the transfer MOS transistors being 
controlled for switching by a control signal DT. According to this example, a Y selection circuit YSEL such 

io as a column selection switch circuit is arranged on the side of the memory block MBb. Fig. 30B shows 
switch control modes of the transfer MOS transistors TO to Tk. When the memory block MBa is a selected 
block for writing, the transfer MOS transistors TO to Tk are rendered on. At that time, source potential Vsa of 
the memory block MBb serving as the selected block for writing is maintained at ground potential 6N0 and 
source potential Vsb of the memory block MBb standing for the unselected block for writing is maintained at 

is data line disturbance prevention voltage Vddi such as 3.5 V. On the other hand, when the memory block 
MBb is a selected block for writing, the transfer MOS transistors TO to Tk are rendered off. At that time, 
source potential Vsb of the memory block MBb standing for me write selected block Is maintained at 
ground potential GND. Source potential Vsa of the memory block MBa standing for an unselected block for 
writing may be maintained at either data line disturbance prevention voltage Vddi such as 3.5 V or ground 

20 potential gnd (or floating). This is because by virtue of the transfer MOS transistors TO to Tk rendered to 
be cutoff, data line write voltage Vp fed througn the Y selection circuit YSEL is not transmitted to the 
memory block MBa. 

The transfer gate circuit TGC is in particular of significance in connection with the data line disturbance 
time of an unselected block for writing as will be described beiow. More specifically, when the memory 

26 block MBa is set to be a selected block for writing, a relatively high voltage Vp for write of the memory 
block MBa is applied through a data line to the memory block MBb preceding the transfer gate circuit TGC 
(on the side of Y selection circuit YSEL). Under this condition, the common source line of the memory block 
MBb serving as an unselected block for writing is applied with data line disturbance prevention voltage Vddi 
to essentially prevent data line disturbance but as this condition continues for a long time (resulting in 

so con^derable prolongation of the data line disturbance time), the threshold of a memory cell subject to write 
condition in the unselected memory block for writing MBb slightly decreases even if the source of the 
memory cell is biased by voltage Vddi. as will be clear from Fig. 28. Thus, by taking advantage of the fact 
that the data line disturbance time affecting a memory block of a small storage capacity owing to write 
concomitant with rewrite of a memory block of a large storage capacity is relatively larger than the data line 

as disturbance time in the converse case, as described with reference to Pigs. 30A and 3QB, the transfer gate 
circuit TGC intervenes such that the memory block MBb on the side of Y selection circuit YSEL is made to 
be a large memory block having a relatively large storage capacity and the memory block MBa on the 
opposite side is made to be a small memory block having a relatively small storage capacity. By making 
the memory block MBa a small memory block and making the memory block MBb a large memory block in 

40 this manner, the data line disturbance time affecting a memory cell of the memory block MBb owing to 
write of the memory block MBa can be far shorter than the data line disturbance time in the case where the 
memory block MBa is made to be a large memory block and the memory block MBb is made to be a small 
memory block. Through this, prevention of an erroneous operation due to data line disturbance can further 
be perfected. 

45 The countermeasures against data line disturbance are summed up in Fig. 31 . In the figure, the voltage 
application condition showing countermeasures against data line disturbance for the unselected memory 
block shown at (A) is representative of a memory cell transistor connected to a data line which is interrupted 
from the supply of write voltage by the off state of the transfer gate circuit TGC 

so [17] Dummy word lines 

Figs. 32. 33 and 34 are circuit diagrams in which a dummy word line is arranged between a memory 
block and a transfer gate circuit In each of the figures, DWA designates a dummy word line on the Side of 
a memory block MBa. and DWB a dummy word line on the side of a memory block MBb. One DWA of the 
ss dummy word lines is coupled with control gates of dummy cells DC1 to DC3 and the other DWB is coupled 
with control gates of dummy cells DC4 to DC8. Each of the dummy cells DCO to DC6 is formed of the 
same transistor as that of a memory cell. In Fig. 32. the dummy cells DCO to DCS have their sources made 
to be floating and their drains coupled to data lines, in Fig. 34, the dummy ceils DCO to DCS have their 
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sources and drains which are made to be floating, in Fig. 34, tne dummy cans DCO to 0C6 have their 
sources connected to a common source line of a corresponding memory block and their drains made to be 
floating. When a transfer gate circuit TGC is provided between memory blocks, a repetitive pattern of 
memory cell transistors and word lines is interrupted at a position of the transfer gate circuit and from the 

s standpoint of device structure, there results an abrupt unevenness in the wafer surface. Such an uneven- 
ness leads to non-uniformity of thickness of a photoresist film formed when word lines and control gates are 
formed through, for example, photoetching. This causes partial non-uniformity of dimensions of word lines 
and control gates and irregularity in electrical characteristics of transistors and word lines results. Under the 
circumstances, by arranging the dummy word lines DWA and DWB and the dummy cells DCO to DC3 and 

to DC4 to 0C6 at respective ends of the memory blocks MBa and MBb separated by the transfer gate circuit 
TGC. irregularity In dimensions of word lines and control gates which occurs near the transfer gate circuit 
TGC can be reduced. 

[18] Various forms of pluraljzation of memory blocks in a unit of word line 

As shown in Fig. 35, two memory blocks can be arranged on each side of a transfer gate circuit TGC 
Preferably, in this case, memory blocks MBc and MBd on the side of a Y selection circuit YAEL are made 
to be large memory blocks and memory blocks MBb and MBa succeeding the transfer gate circuit TGC are 
made to be small memory blocks. For example, the large memory block is used for program storage and 

20 the small memory block is used for data storage. 

As shown in Tig. 3d. a simultaneously erasable, minimum memory block has a single word line and the 
number of word lines can be increased sequentially to two. three and four. But the number of word lines of 
individual, simultaneously erasable memory blocks may be determined suitably or the size of individual 
memory blocks may be changed suitably. 

25 As shown in Fig. 37. when a group of relatively small memory blocks MBa to MBe respectively having 
one. two. three, four and eight word lines and a group of relatively large memory blocks MBf each having 
64 word lines are employed, a transfer gate circuit TGC may preferably be arranged at a boundary part 
between the large and small memory block groups as will be inferred from the explanation of the previous 
item [16]. 

30 As shown in Fig. 38. the data line structure is constructed of main data lines and subsidiary data lines. 
Main data lines DLO to OLk extend to reach all memory blocks MBa to MBc. Subsidiary data lines dO to dk 
extend only inside each memory block to connect to drains of memory cells contained in a corresponding 
memory block, in this case, connection of the main data lines DLO to OLk to the subsidiary data lines dO to 
dk is set up through a transfer gate circuit TGC allotted to each memory block. Such a structure can be 

55 realized easily by, for example, a two-layer aluminum wiring structure. Since in the main/subsidiary data line 
structure the transfer gate circuit TGC is provided in each memory block, write data line potential Vp can be 
applied to only a selected block for writing. Accordingly, counter measurements against data line distur- 
bance can further be perfected. 

Fig. 39 shows an embodiment in which simultaneously erasable memory blocks are arranged on the left 

40 and right sides of an X address decoder. Decode signals of X address decoder XADEC are delivered to the 
left and right sides thereof. Then memory blocks MBa to MBc and MBa 'to MBc' each defined in a unit of 
word line arranged on each side of the X address decoder XADEC are provided on the left and right sides 
thereof. As each memory block, any one of the previously described memory blocks can be adopted. The 
memory blocks on the left and right sides perform input/output of data ioO to io7 and data io6 to k>15. 

45 respectively, in a unit of 8 bits through Y selection circuits YSEL and YSEL\ Transfer MOS transistors Tsw 
are provided between left-hand outputs of the X address decoder XADEC and word fines WLO to WLn in 
one to one correspondence relationship and similarly, transfer MOS transistors Tsw 1 are provided between 
right-hand outputs of the X address decoder XADEC and word lines WLO 'to WLn' in one to one 
correspondence relationship. Further, the left-hand word lines are associated with discharge MOS transistors 

60 Csw and the right-hand word lines are associated with discharge MOS transistors Csw\ A control circuit 
DIVCONT is, responsive to a high voltage Vppl (= Vpp such as 12V) and the most significant address bit 
An. adapted to perform switching control of the left-hand transfer MOS transistors Tsw and discharge MOS 
transistors Csw and of the right-hand transfer MOS transistors Tsw 1 and discharge MOS transistors Csw*. 
Though not limitedly. the control circuit DIVCONT receives a high voltage Vpp1 and the most significant 

55 address bit An of an address signal and performs complementary switching control between the left-hand 
transfer MOS transistors Tsw and discharge MOS transistors Csw and the right-hand transfer MOS 
transistors Tsw* and discharge MOS transistors Csw' in accordance with a logical value of the most 
significant address bit An. For example, when the most significant address bit An is logical "1". the rlght- 
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hand transfer MOS transistors Tsw' are rendered to be on and the left-hand transfer MOS transistors Tsw 
are rendered to be off, so that write data can be supplied through the right-hand Y selection circuit YSELV 
At that time, the right-hand discharge MOS transistors Csw' are rendered to bo off and the left-hand 
discharge MOS transistors Csw are rendered to be off. When the most significant address bit An is logical 
s "0". ihe left-hand transfer MOS transistors Tsw are rendered to be on and the right-hand transfer MOS 
transistors Tsw 4 are rendered to be off. so that write data is supplied through the left-hand Y selection circuit 
YSEL At that time, the right-hand discharge MOS transistors Csw' are rendered to be on and the left-hand 
discharge MOS transistors Csw are rendered to be off. Selection operation of the left-hand and right-hand Y 
selection circuits YSEL and YSEL" depends on a decode output of a Y address decoder YADEC but any 

10 one of the left-hand and right-hand Y selection circuits YSEL and YSEL' may be activated by the most 
significant address bit An or a signal equivalent thereto or any one of the left-hand and right-hand Y 
selection circuits may be selected as the supply path of write data by means of a separate selection circuit 
not shown. A signal voltage for rendering the transfer MOS transistors Tsw and Tsw' on is set to a high 
voltage during write and an example of the control circuit DIVCONT for this purpose is shown In Fig. 40. A 

ts voltage Vppl in Fig. 40 can be generated using a power supply circuit of Fig. 51 to be described later. 

As a comparabfeness to the configuration shown In Fig. 39, a configuration may be mentioned in which 
an X address decoder is arranged at one end side of word lines. In this case, the word line direction size of 
a memory block defined in a minimum unit of word line is doubled as compared to that in Fig. 39. In 
comparison with the configuration of Fig. 39,. this configuration can contribute to reduction of the word line 

so disturbance time of a selected block for writing. More particularly, with reference to Fig. 26B. in the selected 
block 30 for writing, there is a memory cell associated with a word line applied with high voltage Vpp and 
with a data line not applied with write voltage Vp. In the selected block 30 for writing, the memory cell 
placed In word line selection condition and data line non-selection condition suffers from a large potential 
difference between the control gate and floating gate, with the result that electric charge is discharged from 

25 the floating gate to the control gate and the threshold of the memory cell transistor is forced to be 
decreased undesirably. This phenomenon is word Una disturbance and In proportion to prolongation of this 
state, the threshold decreases. Accordingly, like the data line disturbance, time for the word line disturbance 
state to continue (word line disturbance time) is (Seared to be short. From this viewpoint the configuration 
of Fig. 39 is more advantageous than the comparative configuration in that the number of memory cells 

oo exposed to the word line disturbance state can be halved on the presumption that write is effected in a unit 
of 8 bits. This contributes to reduction of the word line disturbance time. 

Rg. 41 shows an embodiment directed to the provision of redundant words In a memory block, in the 
figure, a redundant word line WRa. a redundant data line DR and redundant memory cells RC for relieving a 
defective word line are arranged in a memory block MBa and a redundant word line WRb. a redundant data 

35 line DR and redundant memory cells RC for the same purpose are arranged in a memory block MBb. With 
the redundant words provided in the memory blocks MBa and MBb. when a defective word is desired to be 
relieved, the defective word can be relieved using a redundant word in the same block as a memory block 
to which the defective word belongs. For example, in the event that a word in the memory block MBa is 
defective, the word can be relieved by a redundant word WRa In the memory block MBa of interest 

40 Through this, even when the defective word is replaced with the redundant word, the counter measurements 
against data line disturbance can also be applied to the redundant word under quite the same condition. As 
redundant words, memory blocks MBrd and MBrd* dedicated to redundancy may be provided as shown In 
Fig. 42. 

Fig. 43 shows an embodiment in which some memory blocks are formed Into one-time programmable 
45 areas (OTP-flash). In an area formed into a one-time programmable area, only one-time write of desired 
data is allowed. In the figure, memory blocks MBc and MBd are memory blocks which are formed into one- 
time programmable areas. Structurally, the memory blocks MBc and MBd per se which are formed into 
one-time programmable areas are quite the same as the other memory blocks. A specified memory block 
can be formed into a one-time programmable area by selectively suppressing rewrite of the memory block 
so in question. For example, a designation bit of an erase register for designating a memory block which is 
scheduled to be formed into a one-time programmable area is forced lo assume an unselection level by 
means of a nonvolatile memory device and a path for supplying a write voltage to e word line of the 
memory block of interest is so designed as to be breakable by means of the nonvolatile memory device. 
Through this, the memory block formed into a one-time programmable area and the other memory blocks 
ss can have in common an X address decoder, a Y address decoder and data lines. In this case, most 
conveniently, a transistor similar to a memory cell transistor of the flash memory may be utilized as the 
nonvolatile memory device. In a write operation, source lines Vsc and Vsd of the memory blocks formed 
into one-time programmable areas are applied with the data line disturbance prevention voltage Vddi to 
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prevent a data line disturbance defect of these memory blocks. With some memory blocks formed Into one- 
time programmable areas in this manner, occurrence of such a trouble that data once written is subse- 
quently rewritten undesirably can be prevented. For example, the memory block formed into a one-time 
programmable area can be utilized as a program holding area or a data holding area which needs to be 

s prevented from being altered. 

Fig. 44 shows a configuration in which some memory blocks are formed into mask ROM's, in place of 
the configuration in which some memory blocks are formed Into one-time programmable areas. In the 
figure, memory blocks MBc and MBd are areas which are formed into mask ROM's. By adopting this 
configuration, write of the memory blocks MBc and MBd becomes absolutely impossible. Upon write, word 

io lines of the memory blocks MBc and MBd formed into mask ROM's are inhibited from being applied with a 
write high voltage and source lines Vsc and Vsd of these memory blocks are biased by a voltage such as 
Vddi- Upon erase, the common source lines Vsc and Vsd of the memory blocks MBc and MBd are inhibited 
from being applied with an erase high voltage. 

75 [19] Layout configuration of memory blocks 

Fig. 45 shows an example of a layout configuration of memory blocks. The layout configuration shown 
in the figure Is an example where a transfer gate circuit TGC is not arranged between memory blocks MBa 
and MBb. In the figure, a memory cell Includes a control gate 11 integral with a word line, a floating gate 

20 (fg) 8 formed separately from the control gate lo underlie it. a drain formed of an N type semiconductor 
region 13 and a P type semiconductor region 14, and a source formed of the N type semiconductor region 
13 and an N type semiconductor region 15. Individual memory ceils are separated from each other by a 
thick field insulating film 4. Word lines WLO to WU +2 are separated from each other and formed in parallel 
in the lateral direction in the figure. Data lines-DLO to DLB are formed of a first wiring layer 23 having a first 

25 aluminum layer fAII) and are separated from each other so as to be arranged in intersectionaJ relation with 
the word lines, thus extending in parallel in the longitudinal direction in the figure. The data line is 
connected to the drain common to an adjacent memory cell through a contact (CONT) 22. Sources of 
memory cells are each formed of the N type semiconductor regions 13 and 15 and are connected every 8 
bits to a source line SL formed of the first wiring layer 23 through the contact 22, The source line 8L is 

30 parallel to the data lines DLO to DLfi. The source line SL in each memory block is broken at the block end 
so as to be disconnected from the source Jin© SL of an adjacent memory block. Contrarily to this, the data 
lines DLO to DLB extend to pass through adjacent blocks. The source line SL in one memory block 
connects, at the block end, to a common source line SA or SB formed of a second wiring layer (AI2) such 
as a second aluminum layer through a through hole (TC) 25, The common source lines SA and SB extend 

3S in parallel to the word lines to underlie the field oxide film 4, In this manner, the source line in a unit of 
memory block is provided separately. The common source line SA or SB may be arranged at opposite 
block ends or at the center of the memory block. Though not illustrated, each word line is shunted every 16 
bits to the second wiring layer 28 overlying the word line to reduce a delay component of the word line. 
Fig. 48 shows an example of a layout configuration In which a transfer gate circuit is provided between 

40 memory blocks. The transfer gate circuit is constructed by arranging transfer MOS transistors TO to T8 
each formed of a high breakdown voltage N channel type MOS transistor having its gate electrode in the 
form of a first conductive layer a between common source lines SA and SB of adjacent memory blocks 
MBa and MBb. In this case, data lines are broken at adjacent ends of the memory blocks MBa and MBb A 
broken end of one of the data lines having mutually opposing broken ends is connected to the drain of each 
45 of the transfer MOS transistor TO to T8 through a contact 22 and a broken end of the other data line is 
connected to the sources of each of the transfer MOS transistors TO to T7 through a contact 22. A memory 
cell at an end of each of the opposing memory blocks is used as a dummy cell having its source being in 
this example, floating. Fig. 47 shows a configuration in which the drain of a dummy cell is floatinfl , in 
contrast to the configuration of Fig. 48. 
so Fig. 48 shows an example of a layout configuration In which transfer MOS transistors TO to T7 are 
substantially increased in size. In this example, the gate width of each of the transfer MOS transistors TO to 
T7 is increased to prevent a decrease in data line potential caused by each of the transfer MOS transistors 
TO to T7. More specifically, In the example Of Fig. 48, the transfer MOS transistors TO, T2, T4 and T6 are 
arrayed on the side of a memory block MBa in parallel with word lines and the transfer MOS transistors 
55 n! * I 7 9X9 arran 9 ed m ** sld * ol a memory block MBb in parallel with word lines. A data line 

DLO extending from the side of memory block MBb passes above the transfer MOS transistor T1 so as to 

mrT" P !! d M ° S t ™* letor T0 and a data line DL0 extending from the side of memory block 

,s coopted to transfer transistor TO. An adjacent data line DL1 extending from the side of 
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memory block MBa passes above Die transfer MOS transistor TO so as to be coupled to the transfer MOS 
transistor T1 and a data line 0L1 extending from the side of memory block MBb Is coupled to the transfer 
MOS transistor T1. The other transfer MOS transistors are also coupled to data lines in a similar manner. 
The number of stacking of transfer MOS transistors is not limited to 2 as above but can equal the number of 
s data lines between source lines SL at maximum. 

[20] The whole of a flash memory applied with countarmeasures against data line disturbance 

Fig. 49 is a block diagram snowing an embodiment of tne whole ol a flash memory applied with 

io pluraiizalion of memory blocks in a unit of word line and counter measures against data line disturbance. 
The flash memory shown in the figure is incorporated in a microcomputer. In the figure. 210 designates a 
memory array in which memory cells each constructed of an insulated gate field effect transistor of two- 
layer gate structure as previously explained with reference to, for example, Fig. 11 are arranged in matrix. In 
the memory array ARY. as in the case of the configuration explained in connection with Fig. 25. memory 

75 cells have control gates connected to corresponding word lines, drain regions connected to corresponding 
data lines and source regions connected to source lines SL1 to SLn being each common to respective 
memory blocks MB1 to MBn defined each in a unit of word line. The source lines SL1 to SLn of the 
respective memory blocks are separately connected to erase circuits ERS1 to ERSn. respectively, in the 
figure, n memory blocks mbi to MBn are shown and as exemplified in Fig. 18, these memory blocks may 

zo be divided into 7 large memory blocks (large blocks) LMBO to LMB6 each having a relatively large storage 
capacity and 8 small memory blocks (small blocks) SMBO to SMB7 each having a relatively small storage 
capacity. The large memory block may be used as a program storing area or a large capacity data storing 
area. The small memory block may be used as a small capacity data storing area. 

In Fig. 43, 200 designates an address buffer and address latch circuit having its input coupled to an 

as internal address bus of a microcomputer. Denoted by 201 is an X address decoder (XADEC) for driving a 
word line by decoding a row address signal (X address signal) latched in the address buffer and address 
latch circuit 200. For example, the X address decoder 201 drives a given word line with a voltage of, for 
example, 5V In a data read operation and drives a given word line with a high voltage of. for example, 12V 
in a data write operation. In a data erase operation, all outputs of the X address decoder 201 are maintained 

so at a low voltage level of, for example. 0V. Denoted by 202 is a Y address decoder (YADEC) for decoding a 
Y address signal latched in the address buffer and address latch circuit 200. Denoted by 203 is a Y 
selection circuit (YSEL) for selecting a data line in accordance with a data line selection signal delivered out 
of the Y address decoder 202. The data line is related to the V selection circuit such that one memory mat 
corresponds to one I/O as described with reference to Rg. 25. Though not limitedly. the memory array is 

35 divided into 16 memory mats, tn this case, each of the memory blocks MB1 to MBn extends over 16 
memory mats. Denoted by 204 Is a sense amplifier (SAMP) for amplifying a read signal from a data line 
selected by the Y selection circuit 203 in a data read operation. According to the present embodiment, the 
sense amplifier includes 16 amplifier circuits in correspondence to output bits of Ihe memory mats. Denoted 
by 205 is a data output latch (DOLAT) for holding an output of the sense amplifier 204. Denoted by 206 is a 

40 data output buffer (DOBUFF) for delivering data held in the data output latch 205 to the outside. An output 
of the data output buffer 206 is coupled to a 16-bit internal data bus of the microcomputer in bit 
correspondence relationship. According to this example, read data is of 2 bytes at maximum. Denoted by 
207 is a data input buffer (DIBUFF)for fetching write data supplied from the outside. Data fetched in from 
the data input buffer 207 is held in a data input latch (DILAT) 208. When the data held in the data input 

45 latch 208 is w 0", a write circuit (WRIT) 209 supplies a write high voltage to a data line selected by the Y 
selection circuit 203. This write high voltage is supplied to the drain of a memory cell having its control gate 
applied with a high voltage in accordance with an X address signal, causing the memory cell of Interest to 
be written. 

Each of the erase circuits ERS1 to ERSn supplies an erase high voltage to a source line of a 
so designated memory block to perform simultaneous erase of the memory block. Which one of the erase 
circuits is to be caused to effect an erase operation is controlled by a setting bit of an erase block 
designation register 231 . The erase block designation register 231 corresponds to the registers MBREGl 
and MBREG2 explained with reference to Rg. 18. As described with reference to Fig. 26. the erase circuits 
ERSi to ERSn are operative upon writing to apply ground potential GND to a source line of a selected 
$6 block for writing and data line disturbance prevention voltage Vddi to a source line of an unselected block 
for writing. This control is carried out by an unselected block designation circuit for writing 230. The 
unselected block designation circuit for writing 230 receives an X address signal delivered out of the 
address buffer and address latch circuit 200 and decodes the signal to decide a selected block for writing. 
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designate the application of ground potential GND to an erase circuit associated with the selected block fox 
writing and designate the application of data line disturbance prevention voltage Vddi to an erase circuit 
associated with an unselected block for writing. 

in Fig. 49i 240 designates a control circuit for performing timing control of a data read operation and 
s selection control of various timings and voltages for write and erase. 

Fig. 50 shows an example of the control circuit 240. The control circuit 240 has a power supply circuit 
241, a memory read/Write control circuit 242, a register control circuit 243 and a control register 244. The 
control register 244 has the program/erase control register PEREG explained in connection with Figs. 16 
and 18. The control circuit FCONT shown in Fig, 18 may be considered to correspond to the control circuit 
io 240 and the erase block designation register 231 shown in Fig. 49. An erase signal E, a write signal W, an 
erase verification signal EV and a write verification signal VYV correspond to an E bit, a P bit, an EV bit and 
a PV bit of the program/erase control register PEREG. As described with reference to Fig. 18, an erase/write 
operation is controlled in accordance with the contents set in the program/erase control register PEREG. 
On the basis of a read/Write signal R/W1 and the like supplied through a control bus. the register control 
is circuit 243 controls read/write of the program/erase control register PEREG and erase block designation 
register 231 (MB REG i and MBREG2) included in the control register 244. On the basis of a read/write 
signal R/W2 and the like supplied through the control bus, the memory read/write control circuit 242 controls 
operation of the data input buffer 207, data input latch circuit 208, data output buffer 206, data output latch 
circuit 205, address buffer and address latch circuit 200 as well as operation of the power supply circuit 
20 241. The power supply circuit 241 receives power supply voltage Vcc such as 5V and high voltage Vpp 
such as 12V and forms voltages Vppi, vppS and Vcc1 in accordance with a setting bit of the 
program/erase control register PEREG included in the control register 244 and an output control signal of 
the memory read/write control circuit 242. 

Fig. 51 shows an example of a circuit diagram of the power supply circuit 241. The power supply circuit 
ss 241 includes a reference voltage generation circuit 2410, a decoder drive power supply circuit 2411, a 
source circuit drive power supply circuit 2412 and a sense amplifier drive power supply circuit 2413. In the 
reference voltage generation circuit 2410. a high voltage Vpp (e.g., 12V) is divided by resistors to generate 
reference voltages VI (e.g., 3.5V) and V2 (e.g.. 6.5V). In accordance with the operation state of the flash 
memory the decoder drive power supply circuit 2411 generates voltage Vppi for determining a drive 
so voltage of word line. The operation state of the flash memory is transmitted to the power supply circuit 241 
by means of a control signal 2414 from the control register 244 and memory read/write control circuit 242 
so that an internal switch circuit may be controlled to optimize the value of voltage Vppi in accordance with 
the operation state. An example of an output waveform of voltage Vppi varying with the internal operation 
state is shown in Fig. 52. The decoder drive power supply circuit 2411 has a detection circuit 2415 for 
as detecting or discriminating whether the power supply voltage Vcc has a higher voltage (e.g. f 5V) or a lower 
voltage (e.g., 3V) than the threshold voltage (e.g., 4V) and a booster circuit 2416 for boosting power supply 
voltage Vcc when the power supply voltage Vcc is detected as being lower than the threshold voltage. A 
boosted voltage is utilized when a read operation is effected with the power source voltage Vcc (such as of 
3V) lower than the threshold voltage. The source circuit drive power supply circuit 2412 generates voltage 
40 VppS utilized for drive of source line in accordance with the control signal 2414. The sense amplifier drive 
power supply circuit 2413 generates voltage Vcci utilized as drive voltage of the sense amplifier in 
accordance with the control signal 2414. Voltage waveforms of voltages VppS and Vcd varying with the 
internal state of the flash memory are depicted in Fig. 52. 

Fig. 53A shows an example of the X address decoder 201 . in the figure, the construction corresponding 
45 to one word line is typically illustrated. The X address decoder consists of a pre-decoder 2010 for receiving 
an X address signal, a decode section 2011 for decoding an output of the pre-decoder and a drive section 
2011 for driving a word line on the basis of an output of the decode section 2011. The pre-decoder 2010 
and decode section 201 1 are operated with a power supply voltage Vcc such as 5V system. The drive 
Section 2012 is constructed as a high voltage driven system which is driven by a voltage such as the 
so voltage Vppi. Denoted by 2013 is a high breakdown voltage N channel type MOS transistor for separating 
the 5V system from the high voltage system. 

When the transfer gate circuit TGC as described with reference to Figs. 32 to 35 Is adopted, the large 
memory blocks LMB0 to LMB6 shown in Fig. 16 correspond to memory blocks MB1 to MB? of Fig, 48 and 
the small memory blocks SMBO to SMB7 correspond to memory blocks MBB to MBn of Fig. 49. In Fig. 49. 
55 the transfer gate circuit TOO is arranged between the memory blocks MB7 and MBB, though not illustrated 
particularly. Fig. 53B shows an example of a selection circuit 250 for generating a switching signal DT of the 
transfer gate circuit TGC. The selection circuit 250 receives the voltage Vppi from the power supply circuit 
241, address signal from the address buffer 20B and write signal from the control circuit 240 to cut off the 
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transfer gate circuit TGC upon write of the large memory blocks. In particular! the signal DT is set to OV 
corresponding to ground potential upon write of the large memory block but in the other case, set to voltage 
Vppl, though not limrtedly. 

Fig. 54 shows an example of the erase circuit and Fig. 55 shows its operational timing chart, Supplied 

6 lb each of the erase circuits ER$1 to ERSn is operating voltage represented by the voltage VppS and 
power supply voltage Vdd, Signal E/w* shown In the figure is a signal which is maintained at 0 level upon 
write or erase. When a bit supplied from the erase block designation register to the erase circuit of Fig. 54 
is "1 " level (erase designating level), erase signal E from the control circuit 240 is also rendered to be "1 " 
level and supply voltage vs to a source line is set to the voltage VppS. Voltage Vpps upon erase l$ set to 

to Vpp as described with reference to Fig. 52. Through this, in a selected block for simultaneous erasing, 
simultaneous erase of memory cells can be done. When a control signal supplied from the upon-writs 
unselected block designation circuit to the erase circuit of Fig. 54 is "1" level (level for designating an 
unselected block) for writing, write signal W from the control circuit 240 is also rendered to be "i " level and 
supply voltage Vs to the source line is set to the voltage VppS. Voltage VppS upon write is maintained at 

75 data line disturbance prevention voltage vddi such as 3.5V. Through this, data line disturbance can be 
prevented in the unselected block for writing. 

Fig. 56 shows a timing chart of a series of operations related to erase in the flash memory shown in Fig. 
49 and Fig. 57 shows a timing chart of a series of operations related to write in the flash memory shown In 
Fig. 43. Prior to giving a description of each timing chart, control signals shown in these figures will first be 

zo described. Part of the contents of the description given in connection with Fig. 16 will be repeated herein 
because this is considered to be necessary for facilitating understanding. Control signal FLM is a signal for 
designating the operation mode of the flash memory FMRY, whereby its "0" designates the first operation 
mode and its "1" designates the second operation mode. This signal FLM is formed on the basis of. for 
example, the mode signals MDO to MD2. Control signal MS-MjSN is a selection signal of the flash memory 

25 FMRY, whereby its "0" designates selection and its "1 " designates unselection. Control signal MS-MISN is 
a selection signal of internal registers such as the program/erase control register PEREG and erase block 
designation registers MBREGl and MBREG2. Which one of the registers is to be selected is determined by 
an address signal PABm. Denoted by M2RON is a memory read strobe signal, by M2WRN is a memory 
write strobe signal, by MRDN is a read signal of registers built in the flash memory and MWRN is a write 

so signal of registers built in the flash memory. The memory write strobe signal M2WRN is deemed as a 
strobe signal for writing data to be written in a memory cell into the data input latch DILAT. Actual write to 
the memory cell Is started by setting a P bit of the program/erase control register PEREG. 

A series of operations related to erase are mainly sorted into a setup erase, an erase and an erase 
verify as shown in Fig. 56. The setup erase consists of an operation of writing data for designation of a 

as memory block to be erased simultaneously into the erase block designation register and an operation of 
writing a bit (flag) of logic "1 " into an E bit of the program/erase control register PEREG. The erase is an 
operation of erasing a memory block simultaneously and is started by setting "1" in the E bit. The specific 
processing procedure of an erase operation is the same as the contents explained in connection with Fig. 
22. The erase verify is started by clearing the E bit so that verify may be carried out sequentially in a unit of 

40 byre, beginning with a head address, in accordance with the contents explained in connection with Fig. 22. 

As shown in Fig. 57, a series of operations related to write are mainly sorted into a setup program, a 
program and a program verify. The setup program consists of an operation of writing data to be written into 
the data input latch circuit, an operation of storing a memory address to be written to the address buffer and 
address latch circuit and an operation of writing a bit (flag) of logic M l "to a P bit of the program/erase 

45 control register PEREG. The program is an operation of writing a memory cell designated by a latched 
address in accordance with data written in the data input latch circuit, A specific processing procedure of a 
write operation is the same as the contents explained in connection with Fig. 22. The program verify is 
started by clearing the P bit so that verify may be carried out sequentially In a unit of byte, beginning with a 
head address, in accordance with the contents explained in connection with Fig. 22. 

so Operation timings shown in Figs. 57 and 58 are essentially the same for any of the first and second 
operation modes and techniques described In the foregoing items [3} and [4] can be adopted. When rewrite 
is conducted by means of the general purpose PROM writer, part of processings can be put under the 
charge of the CPU built in the microcomputer and other logics by utilizing a rewrite support control program 
precedently prepared in the mask ROM built in the microcomputer. The flash memory shown in Fig. 49 can 

ss obviously be applied to the microcomputer MCU explained in connection with Figs. 1 to 4 or may be 
constructed as a unitary flash memory chip. 
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[21] A method for production of a flash memory 
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(4) The first gate insulating films 6 at areas for formation of the logic system NMOS and PMOS as 
well as the 2ener diode are removed through wet etching using the uppermost silicon nitride film of 
the inter-layer insulating film 9 as a mask, thus exposing the surface of the P type semiconductor 
substrate 1. 
s (F) Process shown in Fig. 53F 

(1) Contaminants deposited on or intruding into the exposed portion of surface are removed through 
similar techniques in (1) and (2) of the above (D). At that time, an insulating film of 10 to 20nm is 
formed by a thermal oxidization method conducted at 800 to 850 - C. 

(2) Then, second gate insulating films 10 serving as gate insulating films of the logic system NMOS 
70 and PMOS are formed. The second gate insulating film 10 is formed to have a thickness of 10 to 

20nm in wet atmosphere by a thermal oxidization method conducted at 800 to 850 * C. 

(3) Subsequently, second conductive layers 11 are formed which serve as a control gate electrode of 
the flash memory and gate electrodes of the logic system NMOS and PMOS. The second conductive 
layer has a laminated structure of polycrystalline silicon film, high melting point metal silicide film and 

is silicon oxide film which are laminated one after another in this order from the bottom. Used as the 

polycrystalline silicon film is a film having a sheet resistance P s - 60 to 100 Q/n formed by diffusing, 
through thermal diffusion at 900' C or less, phosphorous in polycrystalline silicon of a film thickness 
of 100 to 200nm deposited at about 640 • C. The high melting point metal silicide film is a WSix lilm <x 
- 2.5 to 3.0) formed through CVD process or sputtering process to have a film thickness of 100 to 

ao, I50nm and a sheet resistance ps = 2 to 15 Q/a after heat treatment The silicon oxide film is formed 

through CVD process to have a thickness of 1 00 to I50nm. This silicon oxide film is a protective film 
for the polycrystalline silicon film and high melting point metal silicide film serving as an actual control 
gato electrode or a gate electrode and protects high melting point metal from damage such as ion 
implantation or dry etching. 

25 (4) Trie control gate electrode 11. inter-layer insulating film 9 and floating gate electrode 8 of the flash 

memory are formed In self-align fashion through dry etching using a mask such as photoresist 
(5) The tunnel insulating film 7 suffering from damage through dry etching In the above (4) is removed 
through wet etching using the first and second conductive layers 8 and 11 as a mask to expose the 
surface of P type semiconductor substrate 1 at regions for formation of source and drain of the flash 

30 memory. 

(8) TTien an insulating film 12 is formed over the entire surface. Thee insulating film 12 Is a protective 
film which is a silicon oxide film formed to have a thickness of 10 to 20nm through CVD process. 
(7) An N type semiconductor region 13 and a P type semiconductor layer 14 are formed at source 
and drain regions of the flash memory by using the second conductive layer 11 as a mask. Here, the 

35 N tvoe semiconductor region 13 is formed by injecting arsenic by about i x 10 1 * cm" 2 at 50 to 

BOkeV accelerating energy through ion implantation process. The P type semiconductor layer 14 is 
formed by injecting boron by i x io* to i x 10" cirr* at 20 to 60 kev accelerating energy through 
ion implantation process. 
(G) Process shown in Fig. 58G 

40 (1) Gate electrodes of the logic system NMOS and PMOS are formed through dry etching using a 

mask such as photoresist During the etching, the flash memory region, which is covered with the 
mask, ts not etched. The second conductive layers 11 at areas unnecessary for formation of the high 
breakdown voltage NMOS and PMOS and at the area for formation of the Zener diode ere removed 

(2) After the mask such as photoresist is removed, the high melting point metal silicide of the second 
4& conductive layer 1 1 is rendered to have a low resistance (sheet resistance ps =2 to 15 Q/o) through a 

heat treatment at about 900 to 950 -C. ^ 

(3) Subsequently, an N type semiconductor region 15 is formed at the source region of the flash 
memory by using a mask such as photoresist. The N type semiconductor region is formed by 
injecting phosphorous by about 5 x 10 cm~ 2 at 50 to SOkev accelerating energy through ion 

so imp lan tat on. 

(4) Then, the N type semiconductor region 15 is thermally diffused through a heat treatment 
conducted at about 950 -C for about 30 minutes to 2 hours to cover the source region of the P type 
semiconductor layer 14. Thus, the drein region has a two-layer structure of the N type semiconductor 
region 13 and the P type semiconductor layer 14 for Improving threshold control and write efficiency 

55 The source region has a two-layer structure of the N type semiconductor region 13 based on arsenic 

and the N type semiconductor region 15 based on phosphorous for improving source breakdown 
voltage upon erase. When sector erase is used for erasing wherein a control gate electrode (word 
line) 11 of the flash memory Is applied with a negative bias relative to the P type semiconductor 
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H SlLL^JJZfSJ? ° wer entire channel re e ,on under «» "««in8 gate electrode 8 

^InTT 1 N $em,eonductor «9«on 15 on the side of source is unneeded. 

Sk^a^^rZ^ f Tf 16 ' 3 , f0rm8d by iniectln 9 P^sPhorous by 2 to 4 * 10" cm- at 
SOkev accelerating energy through ,on rmplantation process using a mask soch as photoresist 
5.3 «VP0 som-conductorjegion 17 Is formed over the entire surface by inieciinbbo^y 'l to 2 * 
10" cm * through .on implantation process. Boron is also injected into the NMOSr«ion bu?mis 

(H) Process shown in Rg. 56H 

^Tth^n^JnS 18 ^ ° W *' ^ ^ * r ° U9h ^ 8 - 18 * 

(2) Through ion implantation process using a mask such as photoresist an N tvoe s*m\r*nH^, 
region is formed by injecflng arsenic by 7to 5 » t0« cm- 7S£%£^^£ffi 
type semwonductor region 20 is formed by injecting boron by 1 to 2 * 10« cm"* at iSkev 
accelerabng energy. A Zener diode is formed of the N type semiconductor region tT anJVSE 
semiconductor region 20. having a Zener voltage of 3 to 4V 

(I) Process shown in Fig. 561 

(1) An insulating film 21 is formed. The insulating film 21 is formed of a silicon oxide film of about 

» ivo n proc^i hiCknOSS 3 BPSG ^ °' 400 W 5 °° nm *" ^i^s prtp^l 

SLU?? T 1 ** h ° te 22 iS f0,med • a nr8t w,rin w ,e ver 23 is formed. The first wiring layer 23 is 
tanned of a laminated film of high melting point metal silicide and aluminum. The Tfi^ Sing Z££ 
* also used as a data line and a source fine of the flash memory. 9 * 

SLOTHS? 0 fil TL 2 t. i3 l° rmed °" flrst J ho insulating film 24 is a laminated 

film of a silicon oxide film/spm-on-glass film prepared through plasma CVD process and TsHicon 
ox 1 de film prepared through plasma CVD process. 

(4) After a through hole 25 Is formed, a second wiring layer 28 is formed. The second wiring layer 26 
has the same film structure as the flrst wiring layer 23. The second wiring SerSTSJ 
shunung the second conductive layers 11 serving as word lines of the flash memory 
llfJ^r*?™?, fi ' m 27 i8 fo,meo ' 10 end in completion. The final passion film 27- is a 
Sn ^5 r, B 5 " ,C0n °* lde Wm prepwed ^ough CVD process or plasma CvX) process and a 
silicon mtnde film prepared through plasma CVD process. P'«*5s ana a 

[22J A semiconductor substrate/Well structure meeting sector erase 

k ITlZH COnsid f ation to be paid to erasing the flash memory is voltage conditions as shown in Flo 
5* if ,n the case of employment of sector erase (the control electrode is applied wi" mZ£t*L 
™, ? substrate), a circuit for generation of the negative b^TcomTated toe 

control gate electrode =GND and the substrate -positive bias are set up toTereb? perfo^ I SSnS 

TSZSZ hT ' n ST" 3 ^ 01 9ub6,ratd at an area ,or ^mation ^££ZZ£^ 
£ RgsTto 62 8e, "' COnduCtor —•»•■*- nocture for this purpose will be descnS ZF2£!l 

(A) Structure shown In Fig. 60 

«*«»• '« * — Z L. JZ p i^JZJSLZ'SZZ ?■ m N w * sw »»« ta ««' 

(B) Structure shown in Rg. 62 

sepa^S SiT- (P ^ ^ tyP6 We " ^ tyP8 conductor substrate 1) is used for 

ni^J i XL W9 \ i ^ f T! d in 8 mai0r surface 01 *• P type semiconductor substrate 1. At that 
^ » yP WS " 2 " 3,80 ,ormed 81 an area for formation of the flash memory and besides 

«n*2 P 3 18 made te 00 mora aha «°" «™ the N type well? ' 

(C) Structure shown In Rg. 62 

sepataJont S c2'e C,Ure (P ^ ^ ^ ^ 102/ P ^ inductor substrate 1) Is used for 

~£^XK^zr* swfac * of a p ,ype ^ « - 

(2) The production is subsequently carried out in the same manner as In the case of Rg. 60. 
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The following operation end effect can be brought about by the foregoing embodiments 

(1) When information is initially written In the flash memory FMRY built in the microcomputer MCU 
before the microcomputer MCU Is mounted on a given system, the information can be written efficiently 
under the control of an external write device such as PROM writer PRW by designating the second 

» operation mode. Also, by designating the first operation mode to the microcomputer MCU, information 
stored in the flash memory FMRY can be rewritten with the microcomputer MCU mounted on the 
system. At that time, the rewrite time can be reduced by the simultaneous erase function 

(2) By providing a plurality of memory blocks (LMB. SMB) having mutually different storage capacities 
each as a simultaneously erasable unit, in the flash memory FMRY. programs, data tables and control 

io data, for example, can be held in each memory block in accordance its storage capacity. More 
particularly, data of a relatively large amount of information can be written in a memory block having a 
relatively large storage capacity and data of a relatively small amount of Information can be written in a 
memory block having a relatively small storage capacity. In other words, a memory block of a storage 
capacity meeting an amount of information to be stored can be utilized. Accoidingly. such inconvenience 
that a memory suffices to match with a program area but is not easy to use as a data area because of an 
excessively large erase unit can be prevented. Further, even when a given memory block is erased 
simultaneously for rewrite of part of information held in the flash memory, such wastefulness that 
information is erased together with a group of information which need not substantially be rewritten and 
thereafter the information group is again written can be prevented as far as possible. 

(3) Of the plurality of memory blocks, a memory block having a storage capacity which is set to be 
smaller titan that of a built-in RAM can be provided so that the built-in RAM may be used aa a working 
area or a data buffer area for rewrite of that memory btock. 

(4) When In the above (3) the flash memory is rewritten with the microcomputer mounted, information in 
the memory block to be rewritten is transferred to the built-in RAM. only partial Information to be 
rewntten is received from the outside and rewritten on the RAM and then rewrite of the flash memory is 
carried out. thereby ensuring that information held internally in advance of rewrite and not required to be 
rewritten need not be transferred additionally from the outside and wastefulness of Information transfer 
for partial rewrite of the memory block can be eliminated. 

(5) In the flash memory, the simultaneous erase time Is not so short even for a small memory block and 
consequently the flash memory per ee cannot be rewritten on real time base in synchronism with a 
control operation by the microcomputer MCU. But by utilizing the built-in RAM as a working area or a 
data buffer area for rewrite of a memory block, the same data as that rewritten on real time base can 
eventually be obtained In the memory block. 

(8) By incorporating in the flash memory FMRY a register MBREG in which information for designating a 
memory block to be erased simultaneously is held rewritably. a memory Mock to be erased simulta- 
neously can be designated internally and externally of the microcomputer MCU (built-in central process- 
ing unit, external PROM writer) with ease in accordance with the same proceduro. 

(7) Thanks to the aforementioned operation and effect, ease of use of the flash memory FMRY built In 
the microcomputer MCU can be Improved. 

(8) As shown in Rg. 24. one bit of input/output data corresponds to one memory mat. By employing this 
one memory mat per one I/O structure, a common data line CD can be separated at each memory mat 
and need not extend over a long distance which passes through all of the memory mats, so that parasitic 
capacitance associated with the common data line can be reduced to contribute to. speed-up of access 
and a low voltage operation. ■ 

(9) By defining memory blocks each in a unit of word line, the minimum memory block in the whole of 
memory array ARY has a storage capacity corresponding to that of one word line. This holds true 

ZZ^Z l "r" 6 ' °! Paf8 " el in " rt ' outout Wte «* *e flash memory. Accordingly, by defining 
memory blocks each .n a unit of word line, the storage capacity of the minimum memory block can be 

„ k easi,y and es P ecla » | y. j " the case of a memory which is built in a microcomputer 

and «, which input/output of date is effected in a unit of byte or word, the minimum size of meZrTSock 

^^i ^T *- Th « h Ueh th ' 8, 8888 0f U6e of *• flash built in the microcomputer can 

forther be ""Proved, thus contributing to improvement in efficiency of rewrite of small scale data in a unit 
of memory block. 

ul^te^h^ R ^ 2e i f en . VO,,a ? e Vd * " uch 35V is "t""* to SOun * <* a """""V cell in an 
unsetected block for writing to raise potential on the side of source, data line disturbance which 
decreases the threshold of a memory cell transistor can be prevented WtMCh 

£ 'ito^rSTSi !? HI T ^T^' » is to minimize the data line disturbance time, 

m this case, the data line disturbance time affecting a small memory block owing to write concomitant 
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with rewrite of a memory block of a large memory capacity is relatively longer as compared to the 
converse case. By taking advantage of this fact with respect to the intervening transfer gate circuit TGC. 
memory blocks MBb on the side of the Y selection circuit YSEl are formed of large memory blocks 
having relatively large storage capacities and memory blocks MBa on the opposite side are formed of 
s small memory blocks having relatively small storage capacities. Through this, the data line disturbance 
time affecting memory cells of a memory block MBb owing to write of a memory block MBa can be far 

I?t !flt aSe<J ln C38e * hefe *° mamofy b,ocks MBa are sma » mam «y blocks and the memory 
blocks MBb are large memory blocks than in the case where the memory blocks MBa are otherwise 
large memory blocks and the memory blocks MBb are otherwise small memory blocks. In this manner 
»o prevention of erroneous operations due to data line disturbance can further be perfected. 

<12) By arranging dummy word lines DWA and DWB and dummy cells DCO to DC6 at opposing ends of 
memory blocks which are separated by the transfer gate circuit TGC. Irregularity in dimensions of word 
lines and control gates near the transfer gate circuit TGC can be reduced. 

The invention achieved by the present inventors has been described specifically on the basis of 
is Bmbodiments but the present invention is not limited thereto and may obviously be changed in various 
ways without departing from the gist of the invention. 

For example, the peripheral circuits incorporated in the microcomputer are not limited to those in the 
orgomg embodiments but may be changed suitably. Memory cell transistors of the flash memory are not 
im.ted to MOS transistors of stacked gate structure In the foregoing embodiments and memory cell 
20 transistors of FLOTOX type using a tunnel phenomenon also in a write operation can also be used In the 
foregoing embodiments, controlling of both of erase and wiite of the flash memory is realized by way of 
software means as shown in Figs. 22 and 23 but the invention is not limited thereto and for example, 
simultaneous erase requiring relatively much time may be controlled by dedicated hardware built in the 
~ l Qm ^ y J! 0 l examp,e ' * e d8dicated hardware W* 1 ** control logic for controlling setting and clear 
2S of c bit and EV bit and for performing verify of the erase state. The incorporation of the control logic for 
simultaneous erase into the flash memory can. on the one hand. Improve ease of use by the user in that 
software load concerning simultaneous erase can be mitigated but on the other hand increases the area of 
the control logic. As for the contents of items [1] to [7]. m addition to a memory block in which the unit of 
simultaneous erase is effected in a unit of common source line, a memory block may be used in which the 
so word line is used as a common line in erase. Which one of the memory blocks is to be selected can be 
determined by taking into consideration circumstanced of what polarity of erase voltage is used or which 
one of the number of memory cells connected to a single word line and the number of memory cells 
connected to a single data line Is smaller when the storage capacity of simultaneous erase unit is to be 
minimized. The size of memory block is not limited to the fixed size in the foregoing embodiments. For 
35 example, the size can be varied in accordance with setting of the control register or designation by the 
mode signal. For example, when simultaneous erase voltage is applied to a word line defined as a minimum 
unit, the operation of the driver for driving the word line with the erase voltage can be selected in 
accordance with the setting of the control register or the designation by the mode signal. Further, as for the 
division of memory blocks, the whole may be divided into a plurality of large blocks LMBO to LMB7 and 
each large block may be divided into a plurality of small blocks SMBO to SMB7 as shown in Fio 24 

^f^L fl r U ^T U « e T 8 **. d ° ne in 3 unit 01 lar ° e block 01 in a o f ■"»■ b'ock. In a memory" 
Spited Xreto memory.rts source and drain are relatively defined in accordance with voltages 

The present invention can be applied widely to a flash memory in which write can be done by effecting 
TT^H ^ V Unrt "J* *** memory b,ock *« t0 8 microcomputer conditioned by comprising 
rewmaSe^ ^conductor chip, a central processing unit and a Hash memory which is electrical 



40 



Claims 



50 



55 



maT^ESC? ^ 9 3 cen,ra ' f» OC9sSin 9 un " (CPU) and an electrically rewritable flash 
memory (FMRY) capable of storing data to be processed by said central processing unit, said central 
processing unit and said flash memory being formed in a single semiconductor chip (CHP)! wherein 

cana ^L a ^rT° ry H inClUd6S 8 •J*?"* * mem0rv b,ocks (SMB - LMB > hwfcHI different memory 
enable?" memory block3 havi "0 ™mory cells arranged so as to be simultaneously 

bet^T^TJ^^ Tt" 30 0CWaUon mode for switching the microcomputer 
between a first operation mode In which said flash memory is rewritten under control of said central 
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sa^raTwrS, ZVJ^I 0perat, ° n m ° de ,n "•** ^ nash ™™ry «• rewritten under control of 
separate writing means (PRW) externally connectable to the microcomputer. 

A microcomputer according to Claim 1 further comprising a random access memory (RAM) formed in 

wher8in 81 ,e8st ™ - said -SSTiEK !2X m 

memory block (SMB) having a memory capacity not larger than that of said random access memory. 

iSTSSSLi!^^ ^ C ° mPriSinfl 3 rMd ° n,y mem0fy <" 0M > f ^ >n said 

smgie semiconductor chip (CHP). wherein a rewriting control program to be executed h« «ih 

processing unit (CPU) for rewriting said flash memory (FH^SnTh^ > m£2L b 2Z£ 

said fret operation mode » stored one of said flash memory and said reL on^m^ ^ 10 

iSa^i?" 3 ; ^ ■*» «*» P^ram contains modification of 

nrad!.^ ^ . *• random acc ** memory, restoration of said modified addresses of said 
predetermined area of said random access memory whose addresses have been restored. 

A mterocompuler comprising a central processing unit (CPU), an electrically rewritable flash m.m» 
memory (HAM), said central processing un t. said flash memorv and 

being formed in a single semiconductor chip (CH^wlSein 800688 m8m °' y 

dMI Jem IT* ^ 0r L inClUdBS 8 . PltJrality * memory blocl « <SMB. LMB) having memory capacities 
SZLXllffitf'* ° f S8ld mem0rV btoCK8 h «* """»" -anged^Tto^ 

randl't^ memcS 1 ^ ^ (SMB> ^ 8 ^ ^ ™ «™ *- - 

to tTSS2L"!?2S 10 Cl3lm 6 fUrth8f COmpri8in9 means tor ««* « rewriting control program 

<■ «»n m«i««y «n« • only (H0M) in j,.^,. ^micoMujJ, ^ (cm 

11 
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11 * fcBFrfrS^H S *° ^ aim 1 '- Where}n ^ flB8h memor y ( FlRMRY ) further includes a register 
(CREG) for rewrrtably holding information designating a memory block to be subjected to a simulta- 
neous erasure operation. 

12. A microcomputer comprising: 

a central processing unit (CPU); 

an electrically rewritable flash memory (FMRY); 

flash memory rewriting VO port means (PORTdata. PORTaddr. PORTcont) capable of being 
coupled to a ROM writer (PRW) for rewriting said flash memory; 

switch means (SWITCH) located between said central processing unit and said flash memory; and 

I!TS ,7** C !f CiS : 0 " meanS (CONT) Waive to an externally supplied operation mode 
signal for controlling said switch means and said flash memory rewriting I/O port means 

nJ^TZi proc f sslna " ni »-"W flash memory, said flash memory I/O port means, said switching 
means and said rewriting mode decision means being formed in a single semiconductor chip (CHP). 

1& A microcomputer according to Claim 12, wherein: 

when said operation mode signal is a first operation mode signal (MDi), said rewriting mode 
decision means (CONT) renders said switching means (SWITCH) conductive and said flash memory 
/SI? POrt meanS ino P 8rafiv e so that said central processing unit (CPU) and said flash memory 
(FMRY) are coupled to each other for rewriting said flash memory by said central processing unit and 

TOrS PORTcSo^r iBed ,hr ° U9h fl8Sh mem0rV reWritin « VO *° n means (PORTdata, 
when said operation mode signal is a second operation mode signal (MD2>. said rewriting mode 
decision means renders said switching means non-conductive and said flash memory rewriting I/O port 
means operative so that said central processing unit and said flash memory are isolated from each 
other and signals are allowed to be received/transmitted between said flash memory-rewriting I/O port 
means and said ROM writer (PRW) for rewriting said flash memory by said ROM writer. 

14. A microcomputer according to Claim 13. further comprising means (ROM) for storing therein a rewriting 
control program to be executed by said central processing unit (CPU) for controlling rewriting of said 

ScTnTucZr dS W). 88 " CGntral PrOC8S$in9 "* ^ St ° rin0 ^ tonned ln *" 6in « ,a 

16, £ ™^ m ? uter acc°»Kng to Claim 13. wherein said flash memory has a rewriting control program 
stored therein to to executed by said central processing unit (CPU) for controlling rewriting of said 
flash memory (FMRY) by said central processing unit. 

16. An electrically rewritable flash memory device comprising: 

^T™?* Ce " inc,Udln9 8 p,uraUty of memor y cel,s < MC > ranged in rows and columns. 

!*fL ™ m f n0fy 1 Ce ! IS (MC) ,nC,udin9 a no,Vvolatite memory element having a source (13) and a 
source (13), and a control gale (11); ' 

™.L PlU ?' ity , 0 ' ' ine conductors WW lending in parallel with one another in a row direction, 
control gates of memory cells in one row being connected in common to one word line conductor- 

*^ lly of dato , conductors (OL) extending In parallel with one another In a column direction, 
arains of memory cells in one column being connected in common to one data line conductor 
rnw IKZSL Jn U T ^ <SU extending in said row direction, sources of at 'least one 

row of memory cells being connected In common to one source line conductor such that said at least 

ZLTLt.TTZ 061,8 haV L n .° the " SOuree8 kneeled ^ common to one source line conductor 
form a memory block, memory blocks (MB) so formed having different memory capacities; and 

a plurality of source voltage control means (ERS). one provided for each of said memory blocks 

mloT^ T"* m98n8 applyinfl fl firsl poten,ial < 0V > *> * *• conductor fora 

71 containing a memory cell selected with a selection voltage applied to its associated date 

L .222? 8 ITS? """" ** 3 86C0nd >» ,wrtial (Vddh-3.3v\ higher than aaSS^en^ 
votLTZ £? penductor for a memory block containing a memory ceil unselected with the Section 

2?c££n ,tS a3S ° C,ated d8,a " ne COndOCto ' and ^cted memory cell for a 
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" ££?£2t r2£L?S r™"."** ,c ~ dl " 9 10 ^' a * m •'fectt said at feast one ferae 

Circuit (YSEL) tor se lecttogTd^T im^SJS? I - , m6m0,y b,0ck flfouos ' a • atocto « 
» being arranged eucH^se^^^^" " wribn 9 /readin 9 operation, said selection circuit 
circuit and Ld Sm£ JSfc^ 3^2^^" b6twe8n «*» 

M» comprise, en 

should be subjected TfvlSSiS * ° °" e ° f ,nforma,to " to which memory block 

should S^^^rZX ^T" 9 OPerMi0n ^ infometi0fl 83 t0 "** «S 

22. An electrically rewritable flash memory device comprising. 

each 8 r^dYel^ J ^7 WO) arranged In rowa and columns. 

semiconductor r£Z WfZ** T£%l^^° 27"" ^ *" " nd Second 

gate (7) formed over and toZSEJ, f!L™ * a ^'conductor substrate (1). a floating 

insulated Irom said S^ gaJ? ^^'^ re9,on3 ' a contro1 ° ate (") formed over and 

36 said'et^ one another in a cow direction over 

one first conductor: " te one ro " b * n ' connected in common to 

a plurality of second conductors (DL) extendlno in aaraiiAi with = „„^ , 
over said semiconductor substrate first «^„*2L1. , one another ln a column direction 

« , connected in comrnoXc^cSd 2nSo7 " ^ ° ne ^ «"*0 

-^ec^ — « over said semiconductor 

common to one common conducto? such 1, 1?^^? 7* °' mem0ry 001,5 ^'"0 connected in 
second semicondu^Sto^s c^rl^fnSl"^ t! ^ ° ne '° W °' memor y c*" 8 "^"9 their 
« memory blocks (MB) so^d^n? ^SZ^^SST 3 """"" «~* 

of 4 ^ < ^£ZZ2??~* ^/ormed in seid substrate, one provided for each 
^v^TS^^nT^ C ° mm0n V0,,a9e <*> assumi "0 a » "oast first and second 

being supplied to said ptSC^^"^ ^Sffa^^rT - *»" 
voltage control circuits apply to their association™™ ? ( } '"O'" 0 ^ common 

one of said first and sZnd 2 B *? W "T 0 " VOlta96S each •«** 

operation with a common voltage ^SZiTmSLTSS^ T ^LT™ 9iona> to eff9Ct a 
5 for a memory block (31 ) which does S rfT n Wte9e value (Vdd,) ap P |, ' ed t0 a common conductor 
effect a simultaneous e asTng^ sa,acted *>r «he writing operation and to 

to a common conductor for ■ iSm^bSi?SjS^ ^ firSt V ° te8e va,ue ^P) applied 

memory Block (20) selected for a simultaneous erasing operation. 
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nJ!?^?v!,ZTl* BaSh ™ m< 7 d8vice to Claim *• serein said second voltage 

SSSi<S. 3 V 1398 ^ P> ° n lhat eecond cont,ucto ' * ^ec»d in a writing 

24. An electrically rewritable flash memory device according to Claim 22. further comprising a gate circuit 
fTQC) and a second conductor selection circuit (YSEL) for selecting one of said second Conductors 
both formed m sa,d substrate, wherein the memory capacities of said plurality of memory blocks To 

Z^T" T"*? 63 VieW6d ,n 3 ,e " 9lhwise directioft °' 88W -»£ c^uctors.Sfla,?^ 
^!2f ^ arCuit afe arran B eQ " sue" that at least one of said memory blocks 

SolSSf .? S3ld 81 ,6aSt 0ne Sandwiched ™ mo '* bl «* bei«8 other than a memory 

bock 5!2?S3L^2 test memory capacity among said memory blocks and forming a first memory 
ofher memory blocks form a eecond memory block group, and wherein the 
second conductors in said first memory block groups and those of in said second memory block 

9 1 P lff 9 l * tercormected b » *M 9«e circuit so that said second memory block group is made 
»s inoperative when said gate circuit is non-conductive. 

25. An electrically rewritable flash memory device according to Claim 24. further comprising first and 
second rows of dummy 'cells (DC4-DC6, DC1-DC3) formed between said first memory Z£j!£ £ 
sad gate circuit (TGC) and between said gate circuit and said second memory blocfcTrouo 
respectively, in said substrate to thereby suppress abrupt changes of generally periodic patterns ofsaM 

Z"T^T <MC) r, d ? rst 0004111040,8 ^ b * •* °«* *«* p££2n££TL£ m 

and second memory block groups, 1 

*" X^S'Vr!^^"^ m r 0ry . devi08 6Coordin ° to Claim ^ further «™pn«hg a plurality of 
S^I! JSf? J SBCOnd conductor setection circuit (YSEL) for selecting one of said eecond 
conductors, both formed in said substrata, wherein said gate circuits (TGC) are provided o^ foVeach 

£ ffS <MB) a0d arranSed 8UCh *■» flrst ^conductor regions (13) of memory cells 

in each column m each memory block are connected in common to one second conductor (OL) ftrouoh 

zzttiszsxr each 01 memory b, °° te ,s m *» -» * — 
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